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THE  TWENTY-FIFTH  ANNUAL  MEETING 

1919 


THE  Twenty-hfth  Annual  Meeting  of  The  American  Society 
OF  Heating  and  Ventilating  Engineers  was  held  in  New 
York,  N.  Y.,  in  the  United  Engineering  Societies  Building, 
on  January  22,  23  and  24,  1919.  It  w^as  perhaps  the  most  notable 
Meeting  in  the  history  of  the  organization,  as  it  was  not  only  the 
twenty-fifth  or  "silver"  anniversar}^,  but  marked  two  epochs  of 
great  importance,  namely  the  passing  ot  tile  lOOO-mark  in  mem- 
bership, and  the  announcement  of  the  establishment  of  the  pro- 
posed Research  Bureau,  so  long  anticipated  by  the  Society. 

The  Meeting  was  particularly  characterized  by  the  progressive 
spirit  of  reconstruction  evidenced.  The  attendance  was  very  sat- 
isfactory, the  conditions  of  weather  and  railroad  travel  having  been 
unusually  favorable.  Also,  the  newly  adopted  plan  of  holding 
the  Meeting  in  the  fourth  week  of  January  instead  of  the  third, 
as  formerly,  has  proved  to  be  somewhat  more  convenient  to  the 
great  majority  of  visiting  members.  The  total  registration  at  the 
Meeting  was  240.  Of  these,  130  were  Members  and  there  were 
110  visitors. 

The  opening  session  of  the  Meeting  w^as  the  usual  business  ses- 
sion, devoted  to  addresses  from  the  President  and  reports  from 
various  Officers  and  Committees  of  the  Society.  At  this  session,  ap- 
plications w^ere  received  for  new  Chapters  of  the  Society,  one  in 
Western  New  York,  with  headquarters  at  Buffalo,  and  another  in 
Pittsburgh,  Pa.  A  feature  of  the  business  session  was  the  final  re- 
port of  the  Committee  on  Research  Bureau,  which  was  accepted  by 
the  Meeting  as  the  inauguration  of  the  work  of  this  important  So- 
ciety undertaking.  Regulations  were  discussed  and  adopted  for  the 
government  of  the  proposed  Bureau  and  the  Committee  was  there- 
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upon  authorized  to  solicit  subscriptions  and  initiate  research  work 
at  the  earhest  opportunity. 

Of  the  professional  sessions,  three  were  devoted  to  particular 
subjects,  the  second  session  being  devoted  to  questions  of  ventila- 
tion and  air-conditioning  in  buildings,  with  particular  reference 
to  the  important  tests  ot  school-house  ventilation ;  at  another  ses- 
sion held  on  Wednesday  evening,  there  was  a  hearing  on  the 
Code  for  Testing  Low  Pressure  Heating  Boilers  with  the  idea  of 
making  revisions  that  might  be  found  necessary  in  the  original 
report  of  this  Committee  in  1918,  which  is  known  as  the  1918  Code; 
on  Thursday  morning,  the  session  was  given  over  to  the  question 
of  temperature  control,  an  important  paper  and  a  Committee  report 
on  this  subject  receiving  an  extended  discussion. 

The  list  of  subjects  covered  a  wide  range  and  represented  prac- 
tically every  branch  of  the  field  of  heating  and  ventilating  engi- 
neering. The  extended  discussions  with  which  the  papers  were 
received  made  the  record  of  this  Meeting  one  of  the  largest  in 
the  history  of  the  Society. 

The  papers  presented  at  the  Meeting  are  shown  in  the  following 
program.  Following  this,  is  the  report  of  the  Committee  on 
Research  Bureau  and  thereafter  the  technical  papers  and  their 
discussions  in  the  order  of  their  presentation  at  the  Meeting. 

PROGRAM 

FIRST   SESSION 

Tiicsdoy.  January   28,   2    P.    M. 

Business  Session 

Announcement  of  a  quorum. 

Appointment  of  the  tellers  of  annual  election. 

.Address  of  the  President. 

Reports  of  the  Council,   Secretary,   and   Treasurer. 

Reports  of  Committees. 

Unfinished  business. 

Report  of  tellers  of  annual   election. 

New  business. 

Applications  for  Chapter  from  Western  New  York  and  \\'cstern  T^ennsylvania. 

SECOND  SESSION 

Tuesday,  January  2S,  8  P.  M. 

Professional  Session 

Paper : 

Experiments  in  Air  Conditioning-  the  TTouse,  by  E.  R.  Hayhurst,  M.  D. 

Paper : 

The  Argument  Concerning  Mechanical  and   Natural  Ventilation,  liy  Dr. 
E.  Vernon  Hill. 

Paper : 

The  Use  of  Air  Washing  and  Humidification  in  Our  School  Buildings, 
by   Perry  West. 
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THIRD   SESSION 

JVediicsday,  January  29,  2  P.  M. 

Professional  Session 
Paper : 

Air  Duct  Design,  by  Leo  Kraft. 
Paper : 

Arrangements  of  Heating  Pipes  An  Important  Factor  in  Decay  of  Fac- 
tory  Roofs,   by  F.  J.   Hoxie. 
Paper : 

Dust   Determinations   in   Air  and   Gases,   by   E.    R.    Knowies. 
Topical  Discussion : 

Mine   Ventilation. 

FOURTH  SESSION 
Wednesday,  January  29,  8  P.  M. 

Professional  Session 

Hearing  on  Code  for  Testing  Low  Pressure  Heating  Boilers.      (Code  pub- 
lished in  April,   1918  Journal,  pages  519-22.) 

Topical   Discussion  : 

Clean-out  Openings  in  Heating  Boilers. 

FIFTH   SESSION 

Thursday,  January  30,  10  A.  M. 

Temperature  Control  Session 
Paper : 

Fuel  Conservation  by  Means  of  Automatic  Temperature  Regulation,  by 
F.  A.  DeBoos. 
Paper : 

Report   of    Committee   on   Automatic  Heat    Control. 
Paper : 

A  Test  of  the  Conductivity  of  Window  Shades,  by  John  R.  Allen. 
Topical  Discussion  : 

Capacities   of  Automatic  Roof  Ventilators. 

SIXTH   SESSION 

Thursday,  January  30,  2  P.  M. 

Professional  Session 
Paper : 

Limiting  the  Fuel  for  Domestic  Heating,  by  Konrad  Meier. 
Paper : 

Engineering  Economics  of  Heating,  by  M.  W.  Ehrlich. 
Paper : 

By-Product  Coke,  by  William  T.  Harms. 


4  Transactions  of  Am.  Soc.  of  Heat.  &  Vent.  Engineers 

REPORT  OF  COMMITTEE  ON  RESEARCH 
BUREAU 

The  Committee  on  Research  Bureau  begs  leave  to  submit  the  fol- 
lowing report : 

In  view  of  the  fact  that  definite  action  will  probably  be  taken  in 
the  establishing  of  this  Bureau,  the  Committee  thinks  it  wise  to  re- 
view at  this  time  the  various  steps  that  have  led  up  to  the  present 
situation. 

During  the  Fall  of  3  91C,  Michigan  Chapter  held  a  meeting  at  the 
University  of  Michigan,  at  which  the  question  of  establishing  a 
fellowship  in  some  University  by  the  Society  was  discussed,  and  in 
January,  1917,  the  matter  was  presented  to  the  Society.  As  a  result 
of  the  discussion  at  that  Meeting,  a  resolution  was  adopted,  which 
read  as  follows : 

MOVED  that  a  Committee  be  appointed  to  investigate  the  possibiHty  of 
establishing  a  researcli  lalioratory  on  some  basis  and  the  ways  and  means  of 
starting  it,  one  member  of  this  committee  to  be  from  the  Council. 

The  Committee,  appointed  to  act  on  this  resolution,  consisted  of 
the  following: 

Geo.  W.  Barr,  W.  F.  McDonald, 

Chairman.  Wm.  W.  Macon, 

H.  M.  Hart,  T.  W.  H.  Myrick, 

J.   D.   Hoffman,  Perry  West. 

Upon  Capt.  Geo.  W.  Barr  entering  the  Service.  Mr.  Perry  West 
acted  as  temporary  Chairman  and  presented  the  Committee's  report 
at  the  January,  1918,  Meeting  and  as  a  result  of  this  report  a  motion 
was  adopted  as  follows : 

MOVED  that  the  report  be  referred  to  tlie  Council  with  power  to  act, 
and  with  the  recommendation  that  the  plan  be  put  into  effect  if  found 
feasible. 

At  a  Council  meeting  of  March  6,  1918,  the  matter  was  referred 
to  a  Committee  consisting  of  all  the  members  of  the  previous  Com- 
mittee with  the  exception  that  Mr.  J.  1.  Lyle  was  appointed  to  the 
Committee  as  Chairman,  vice  Capt.  Barr.  The  Committee  under- 
took to  investigate  the  institutions  which  might  be  utilized  in  estab- 
lishing the  Bureau  of  Research  and  was  greatly  pleased  to  receive  a 
letter  from  Mr.  O.  P.  Hood,  Chief  Engineer  of  the  Bureau  of 
Mines,  U.  S.  Dept.  of  the  Interior,  suggesting  that  we  investigate 
the  facilities  of  the  Bureau  of  Mines.  This  was  done  by  the  Chair- 
rnan  of  the  Committee  who  made  a  progress  report  to  the  Society  at 
the  Buffalo  Semi-Annual  Meeting  in  June,  1918.  The  report  of  the 
Committee  was  received  and  approved.  Messrs.  Hoffman.  West, 
Hart  and  the  Chairman  of  the  Committee  went  from  Buffalo,  after 
the  Meeting,  to  Pittsburgh  to  investigate  the  facilities  further. 

Report  presented  at  the  Annvjal  Meeting  of  The  American  Society  of  Heating 
AND    Ventilating   Engineers,    New    York,    N,    V.,    January,    1919. 
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It  was  decided  by  the  Committee  that,  it  the  necessary  funds  could 
be  raised.  \vc  should  locate  the  Research  Bureau  at  the  Bureau  of 
Mines  laboratories  at  Pittsburgh.  It  was  further  agreed  that  we 
should  start  an  active  campaign  during  the  early  part  of  the  Fall  to 
raise  the  necessar}-  funds  for  the  operation  of  the  Bureau.  There 
were  many  things  that  interfered  with  the  carrying  out  of  this  work, 
the  principal  ones  being  the  Lijjerty  Loan  drives,  the  Red  Cross, 
"7  in  1,"  and  other  war  charity  drives.  The  Committee,  however, 
finally  got  started  on  the  work  early  in  December,  and  in  this  work 
the  Committee  has  received  and  is  receiving  the  greatest  assistance 
and  co-operation  both  from  the  members  of  the  Society  and  from 
the  membership  at  large. 

The  Committee  wishes  to  extend  particularly  its  thanks  to  Presi- 
dent Still,  \'ice-President  Timmis,  Secretary  Obert,  Treasurer  Ad- 
dams,  Air.  W.  F.  McDonald,  Mr.  E.  E.  McNair,  Mr.  J.  H.  Davis, 
Dr.  M.  W.  Franklin  and  Mr.  H.  M.  Hart,  for  the  trips  which  they 
made  in  order  to  address  the  various  Chapters  on  this  subject.  The 
Committee  also  feels  particularly  grateful  for  the  work  done  by  the 
following  men  as  Chairmen  on  the  soliciting  Committees  in  their 
various  localities : 


F.  E.   GiESECKE.  VV.  F.  McDoN.vLD,  ^I.   \\  .   I'raxklix, 

F.  F.  Bahnson,  J.   R.  Allex,  E.  T.  Murphy, 
A.   S.  Kellogg,  G.  A.   Chaffee,  S.  E.  Dibble, 
H.  M.  Hart,  \V.  L.  Moox,  .     C.  A.  Booth, 

J.  D.   HoFFMAX,  Arthur  Ritter.  T.  F.  Humphreys. 

G.  B.    Larimer, 

We  think  we  can  say  that,  as  a  direct  result  of  this  work,  the 
number  of  Chapters  of  the  Society  has  been  increased  from  eight 
(seven  active)  to  eleven. 

The  campaign  for  subscriptions  is  proceeding  as  satisfactorily  as 
can  have  been  expected  under  the  existing  conditions.  Our  mem- 
bership has  been  quite  scattered  during  the  press  of  war  activities. 
The  membership  has  not  been  as  closely  in  touch  with  the  affairs  of 
the  Society  as  might  have  been  desired.  We  were  not  well  or- 
ganized in  many  districts  and  it  is  exceedingly  complimentary  to  the 
membership  that  wonderful  work  has  been  accomplished. 

Up  to  date,  I  have  in  my  hands  about  350  subscriptions  or  pledges 
agreeing  to  pay  to  the  Society  for  this  Bureau,  the  sum  of  $6,981 
each  year  for  five  years.  I  have  received  and  turned  over  to  the 
Treasurer  up  to  date  in  checks  or  cash  about  $1,100.  Many  of  those 
who  will  undoubtedly  subscribe  to  the  fund  have  not  yet  been  seen. 
A  good  many  have  been  somewhat  sceptical,  both  of  the  intentions 
of  the  Society  and  of  the  practicability  of  the  scheme.  The  Commit- 
tee is  convinced  now  that  once  we  establish  this  Bureau  and  get  it 
into  operation,  all  of  this  scepticism  will  disappear  and  that  funds 
will  be  easier  to  procure  in  the  future  than  they  have  been  in  this 
initial  instance. 
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We  have  sufficient  money  now  to  proceed  to  make  a  contract  with 
the  Bureau  of  Mines  for  space.  The  Officers  of  the  Bureau  have 
offered  us  : 

1.  Office  space; 

2.  Use  of  their  physical  and  chemical  research  laboratories  as  space 
conditions  may  allow  and  our  requirements  may  dictate; 

3.  The  use  of  special  laboratory  connection  with  the  power  house, 
which  is  approximately  50  x  100  ft.  in  size  x  30  ft.  in  height, 
equipped  with  radial  brick  stack,  etc. ; 

4.  Service  in  the  form  of  steam  at  high  or  low  pressure,  electric 
current,  direct  or  alternating,  water,  hot  or  cold,  gas,  etc.; 

5.  The  use  of  such  instruments  as  they  may  have  available  which 
we  might  desire  to  use  from  time  to  time. 

It  is  needless  to  point  out  the  great  benefit  to  the  Society  of  pro- 
curing this  service  from  the  Bureau  of  Mines.  The  Officials  of  the 
Bureau  are  anxious  to  co-operate  with  us  in  every  way  possible,  and 
to  assist  us  in  our  work,  and  the  Committee  hopes  and  believes  that 
the  Society  may  be  of  assistance  to  the  Bureau  of  Mines. 

For  the  future  research  activities  of  the  Society,  this  Committee 
recommends  the  following  procedure : 

1.  Committee. 

That  there  be  a  Standing  Committee,  known  as  the  Research 
Committee,  consisting  of  fifteen  members,  each  member  serving 
for  three  years,  and  five  members  retiring  each  year. 

2.  Election. 

a.  That  the  Council  shall  nominate,  previous  to  October  1st 
of  each  year,  five  members  to  fill  vacancies  of  those  retir- 
ing at  the  next  Annual  Meeting. 

b.  That  the  nominations  made  by  the  Council  shall  be  pub- 
lished in  the  October  Journal  of  the  Society. 

c.  That  prior  to  December  1st  any  ten  members,  over  their 
own  signatures,  may  nominate  one  or  more  additional  mem- 
bers for  the  Research  Committee,  and  such  additional  nomi- 
nations shall  be  placed  on  the  ballot  opposite  such  of  the 
nominations  made  by  the  Council  as  designated  by  those 
making  the  nomination. 

d.  The  election  shall  otherwise  conform  to  the  same  regula- 
tions as  are  provided  for  the  election  of  officers. 

c.  Vacancies  may  be  filled  by  the  Council,  such  persons,  chosen 
by  the  Council,  to  serve  until  a  successor  can  be  elected  at 
the  next  annual  election. 

o.     Sub-Committees. 

The  Research  Committee  shall  be  divided  into  various  sub- 
committees, as  may  be  found  desirable  to  i:)roperly  carry  on  the 
research  activities  of  this  Society. 
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4.  Activities. 

The  activities  of  the  Research  Committee  shall  include  the 
following  branches : 

a.  Investigate  the  needs  for  research  in  any  particular  sub- 
ject and  if  sufficient  to  warrant  consideration  from  the 
standpoint  of  pure  engineering,  appoint  a  sub-committee  to 

1 .  Collect  all  existing  data  and  records ; 

2.  Carefully  examine  the  records  and  report  on  actual  needs 
for  further  work ; 

3.  Report  on  all  available  laboratories  of  colleges  or  other 
institutions  that  might  be  utilized ; 

4.  Make  definite  suggestions  for  a  line  of  procedure  in  re- 
search and  confer  with  and  advise  the  Director  of  Re- 
search   upon    this    particular    subject.       • 

b.  Where  research  work  is  found  necessary  and  course  of 
procedure  is  obvious,  negotiate  with  laboratories  of  col- 
leges or  organizations,  as  offered,  or  order  work  handled 
by  Director  of  Bureau ;  no  work  should  be  assigned  to  the 
Bureau  that  can  be  handled  equally  well  elsewhere. 

c.  If  sufficient  amount  of  existing  data  appears  to  be  avail- 
able for  analysis  by  Committee,  present  a  synopsis  of  the 
data  to  next  regular  Meeting  of  the  Society  for  discussion 
and  approval. 

d.  Report   all    conclusive    data,    whether    originating   through 

the  Research  Bureau  or  Committee,  or  elsewhere,  to  the 
next  regular  Meeting  of  the   Society   for  discussion   and 
approval. 
c.     Report  on  questions  of  finance,  ethics,  and  commercialism. 

5.  Executive  Co.mmittee  of  Rese.xrch  Committee. 

a.  One  of  the  sub-committees  of  the  Research  Committee 
shall  be  known  as  the  Research  Executive  Committee,  and 
shall  be  composed  of  four  members,  one  of  Avhom  shall 
be  Chairman  of  the  Research  Committee ;  the  Research 
Executive  Committee  shall  conduct  all  the  business  of  the 
Research  Committee ;  it  shall  make  the  necessary  contracts 
for  rental  and  purchasing  of  equipment  or  material ;  it 
shall  select  and  employ  the  Director  and  such  assistants  of 
the  Bureau  of  Research  as  may  be  required  ;  it  shall  deter- 
mine all  salaries  and  approve  of  all  expenses  incurred ; 
it  shall  determine  the  rotation  in  which  the  subjects  shall 
be  investigated  by  the  Bureau  of  Research. 

b.  The  Executive  Committee  shall  not  make  contracts  in  ex- 
cess of  the  income  to  the  Research  Bureau  without  the  ap- 
proval of  the  Research  Committee  and  the  Council. 

G.     Chairman. 

The  Chairman  of  the  Research  Committee  will  be  cx-offici(j 
member  of  all  sub-committees. 
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7.  Approval. 

a.  All  acts,  findings  or  reports  of  sub-committees  shall  be 
subject  to  the  approval  of  the  Research  Committee. 

b.  All  acts  of  the  Research  Committee  shall  be  subject  to  the 
approval  of  the  Council. 

8.  Finance. 

a.  Each  Chapter  of  the  Society  shall  appoint  a  Research 
Soliciting  Committee,  that  shall  conduct  a  campaign  in  its 
locality  to  procure  funds  for  the  maintenance  of  the  Bureau 
of  Research  once  per  year ;  committees  may  be  appointed 
by  the  Research  Executive  Committee  in  other  localities  not 
covered  by  the  Chapters  to  carry  on  such  a  campaign  in 
their  respective  territories. 

b.  All  mcMieys  received  for  the  Bureau  of  Research  shall  be 
kept  by  the  Treasurer  of  the  Society  in  a  separate  fund  and 
used  only  for  the  purpose  specified. 

c.  The  Research  Bureau  shall  operate  upon  the  budget  plan ; 
all  payments  from  the  Research  Bureau  fund  are  to  be 
made  by  the  Treasurer  in  accordance  with  the  existing 
present  plan  of  payment  of  the  Society's  bills,  as  authorized 
by  the  Council  Meeting  of  August  16,  1917,  excepting  that 
certification  of  the  vouchers  by  the  Secretary  of  the  Society 
is  to  be  replaced  by  certification  by  the  Chairman  of  the 
Research  Committee  or  the  Research  Executive  Commit- 
tee ;  all  special  items  are  to  be  approved  by  the  Research 
Executive  Committee  instead  of  the  Finance  Committee  of 
the   Society. 

9.  Reports. 

Reports  of  activities  of  the  Research  Bureau  shall  be  sent  to  all 
members  of  the  Society  and  to  all  subscribers  to  the  Research 
Bureau  Fund. 

]().     Nominations. 

That  the  incomi''^.  President  ])rescnt  for  the  approval  of  this 
body  at  the  last  session  of  this  Meeting,  his  nominations  for  the 
Research  Committee ;  five  to  serve  for  three  years,  five  for  two 
years  and  five  for  one  year. 


It  may  be  mentioned  in  this  report,  that  the  Taylor  Instru- 
ment Company  of  Rochester  has  offered  to  lend  to  the  Bureau 
of  Research  all  instruments  that  they  manufacture  which  may 
be  needed  by  the  Bureau  of  Research. 

Respectfully    submitted, 

J.  I.  Lyle,  Chairman. 

Subsequent  to  this  report  the  following  discussion  ensued  in  con- 
nection with  the  recommcndalions  and  their  acceptance. 
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DISCUSSION 

John  R.  Ali  ex  :  I  move  that  the  report  of  this  Committee  be 
accepted. 

The  motion  was  seconded,  put  to  vote  and  carried. 

The  President  :  The  next  important  move  is  to  take  np  the 
various  points  suggested  in  tlje  report  in  order  to  learn  the  desires  of 
the  Meeting  in  regard  to  them. 

J.  I.  Lyle  :  In  order  to  get  the  matter  before  the  Meeting,  I 
move  that  the  future  research  activities  of  the  Society  shall  be  regu- 
lated by  the  following  resolutions,  and  I  will  make  several  motions 
to  adopt  these  resolutions.     The  first  is  as  follows : 

That  there  be  a  standing  committee  known  as  the  Research  Committee 
consisting  of  fifteen  members,  each  member  serving  for  three  years,  and  five 
memliers   retiring  each  j^ear. 

The  motion  was  seconded,  put  to  vote  and  carried. 

J.  I.  Lyle  :     I  next  make  the  following  motion : 

a.  That  the  Council  shall  nominate,  previous  to  October  1st  of  each  year, 
five  members  to  fill  vacancies  of  those  retiring  at  the  next  Annual 
Meeting. 

b.  That  the  nominations  made  by  the  Council  shall  be  imblished  in  the 
October  Journal  of  the  Society. 

c.  That  prior  to  December  1st  any  ten  members,  over  their  own  signatures, 
may  nominate  one  or  more  additional  members  for  the  Research  Com- 
mittee, and  such  additional  nominations  shall  be  placed  on  the  ballot 
opposite  such  of  the  nominations  made  by  the  Council  as  designated  by 
those  making  the  nomination. 

(/.     The    election    shall    otherwise    conform    to   the    same    regulations    as    are 

provided   for  the  election  of   Officers. 
c.     Vacancies    may   be    tilled   by   the    Council,    such    persons    chosen    by    the 
Council   to    serve   until   a   successor   can   be   elected   at   the   next   annual 
election. 

The  motion  was  seconded,  put  to  vote  and  carried. 
J.  I.  Lyle  :     I  w^ill  now  make  the  following  motion : 
The   Research   Committee   shall   be    divided    into   various   sub-committees, 
as  may  be  found  desirable  to  properly  carry  on  the  research  activities  of  the 
Society. 

The  motion  was  seconded,  put  to  vote  and  carried. 
J.  I.  Lyle:    I  now  make  the  following  motion: 
The   activities   of   the    Research    Committee    shall    include   the    following 
branches : 

a.  Investigate  the  needs  for  research  in  any  particular  subject  and  if  suf- 
ficient to  warrant  consideration  from  the  standpoint  of  pure  engineering, 
appoint  a   sub-committee  to 

1.  Collect  all  existing  data  and  records: 

2.  Carefully  examine  the  records  and  report  on  actual  needs  for  fur- 
ther work ; 

3.  Report  on  all  available  laboratories  of  colleges  or  other  institutions 
ithat   might  be   utilized ; 

4.  Make  definite  suggestions  for  a  line  of  procedure  in  research  and 
confer  with  and  advise  the  Director  of  Research  upon  this  particular 
subject. 

b.  Where  research  work  is  found  necessary  and  course  of  procedure  is 
obvious,  negotiate  w^th  laboratories  of  colleges  or  organizations,  as 
offered,  or  order  work  handled  by  Director  of  Bureau  ;  no  work  should 
be  assigned  to  the  Bureau  that  can  be  handled  equally  well  elsewhere. 

c.  If  sufficient  amount  of  existing  data  appears  to  be  available  for  analysis 
iby  Committee,  present  a  synopsis  of  data  to  next  regular  Meeting  of 
the   Society   for  discussion   and   approval. 
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d.  Report  all  conclusive  data,  whether  originating  through  the  Research 
Bureau  or  Committee,  or  elsewhere,  to  the  next  regular  Meeting  of  the 
Society   for  discussion  and  approval. 

e.  Report   on   questions   of   finance,   ethics,   and   commercialism. 
The  motion  was  seconded,  put  to  vote  and  carried. 

J.  I.  Lyle  :     I  now  offer  the  following  motion : 

a.  One  of  the  sub-committees  of  the  Research  Committee  shall  be  known 
as  the  Research  Executive  Committee, ,  and  shall  be  composed  of  four 
members,  one  of  whom  shall  be  Chairman  of  the  Research  Committee; 
the  Research  Executive  Committee  shall  conduct  all  the  business  of  the 
Research  Committee :  it  shall  make  the  necessary  contracts  for  rental 
and  purchasing  of  equipmenit  or  material ;  it  shall  select  and  employ 
the  Director  and  such  assistants  of  the  Bureau  of  Research  as  may  be 
required  ;  it  shall  determine  all  salaries  and  approve  of  all  expenses  in- 
curred;  it  shall  determine  the  rotation  in  which  the  subjects  shall  be  in- 
vestigated by  the  Bureau  of  Research. 

b.  The  Executive  Committee  shall  not  make  contracts  in  excess  of  the  in- 
come of  the  Research  Bureau  without  the  approval  of  the  Research  Com- 
mittee and  the  Council. 

The  motion  was  seconded,  put  to  vote  and  carried. 
J.  I.  Lyle:     I  next  offer  the  following  motion: 
The  Chairman   of  the   Research   Committee   will  be  ex-officio  member  of 
all  sub-committees. 

The  motion  was  seconded,  put  to  vote  and  carried. 
J.  L  Lyle  :     I  next  offer  the  following  motion : 

a.  All  acts,  findings  or  reports  of  sub-committees  shall  be  subject  to  the 
approval  of  the  Research  Cominittee. 

b.  All  acts  of  the  Research  Committee  shall  be  subject  to  the  approval  of 
the  Council. 

James  A.  Donnelly:  Is  it  not  thought  that  the  action  of  the 
Research  Committee  in  the  end  shall  have  the  approval  of  the 
vSociety?  That  the  Research  Committee  shall  report  to  the  Society 
rather  than  to  the  Council  ?  It  seems  to  me  that  the  action  of  the 
Research  Committee  does  eventually  conle  up  at  the  Annual  Meeting. 

J.  I.  Lyle  :  I  believe  that  our  Council  is  empowered  to  handle  all 
the  business  of  the  Society  and  the  idea  of  the  Committee  on  Re- 
search Bureau  was  that  it  wanted  to  throw  every  possible  safeguard 
around  this  research  work.  There  has  been  a  good  deal  of  criticism. 
not  constructive  criticism,  but  criticism  that  this  whole  thing  was 
all  wrong,  because  it  was  going  to  get  into  commercialism.  The 
Committee  is  trying  to  throw  a  further  safeguard  around  the  ac- 
tivities of  this  Bureau,  in  order  not  to  hamper  it,  but,  on  the  other 
hand,  to  be  sure  that  commercialism  shall  not  eventually  creep  into  it. 
That  position  was  taken  purely  for  the  benefit  of  the  Society  and 
the  industry  at  large,  and  the  only  idea  of  putting  in  the  provision 
with  reference  to  the  Council  was  that  we  were  laboring  under  the 
impression,  that  all  of  the  business  of  the  Society  can  be  con- 
ducted by  the  Council,  and  that  the  action  of  the  Council  is  binding 
upon  the  Society. 

James  A.  Donnelly:  While  it  is  true  that  the  Council  has 
authority  in  all  matters  of  business  pertaining  to  the  Society,  there 
arc  really  two  ways  of  looking  at  the  matter  of  business.  I  believe 
that  while  it  is  true  under  the  membership  corporation  law  the 
Council  docs  have  control  of  all  business  of  the  Society,  this  does 
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not  apply  to  the  estal)lisliment  of  professional  standards  and  accept- 
ances of  those  tilings  which  have  to  do  with  the  technical  business 
of  the  Society,  as  it  were,  which  are  the  real  objects  of  the  Society. 
While  it  is  true  that  the  business  of  contracting  for  the  purchase 
and  sale  of  anything  is  a  function  of  the  Council,  the  adoption  of 
standards  and  the  adoption  of  reports,  is  not  a  function  of  the  Coun- 
cil and  never  has  been.  Committees  are  appointed  by  the  Meeting 
and  report  back  to  the  Meeting,  and  much  of  the  work  of  the  Society, 
while  not  called  the  business  of  the  Society,  emanates  from  the  mem- 
bers and  should  go  back  to  the  members. 

The  President  :  Do  you  wish  to  make  an  amendment  to  the 
motion  ? 

James  A.  Donnelly  :  I  have  nothing  dehuite  in  mind  to  offer 
as  a  suggestion  as  to  how  it  should  be  done.  I  have  simply  made 
the  statement  in  the  nature  of  a  question,  and  leave  it  before  the 
Committee  for  consideration.  I  wanted  to  bring  up  the  point  that 
the  adoption  of  reports  and  making  findings  as  to  the  best  or  present 
practice  along  professional  lines,  has  never  been  the  function  of  the 
Council.  If  the  Committee  would  differentiate  between  the  two,  it 
would  be  a  good  thing  to  do. 

J.  I.  Lvle:  I  think  Air.  Donnelly's  point  is  probably  well  taken, 
but  I  do  not  believe  it  occurred  to  any  member  of  the  Committee. 
It  certainly  did  not  to  me.  If  it  is  the  pleasure  of  the  Meeting  we 
could  amend  this  clause   (b)   as  'follows: 

All  findings  or  reports  of  the  Research  Committee  sliall  be  subject  to  the 
approval  of  the  Society  and  all  contracts  and  responsibilities  incurred  by  the 
Research  Committee  shall  be  subject  to  the  approval  of  the  Council. 

James  A.  Donnelly  :     I  am  willing  to  accept  that. 

The  President:  Gentlemen,  you  have  heard  the  amendment  to 
the  motion  as  presented  by  Mr.  Lyle.  and  which  has  been  accepted 
by  Mr.  Lyle.     Is  that  agreeable  to  the  meeting? 

The  motion  was  seconded,  put  to  vote  and  carried. 

J.  I.  Lyle:     I  make  the  following  motion: 

a.  Each  Chapter  of  the  Society  shall  appoint  a  Research  Soliciting  Com- 
mittee, that  shall  conduct  a  campaign  in  its  locality  to  procure  funds 
for  the  maintenance  of  the  Bureau  of  Research  once  per  year.  Com- 
mittees may  be  appointed  by  the  Research  Executive  Committee  in  other 
localities  not  covered  by  the  Chapters  (to  carry  on  such  a  campaign  in 
their  respective  territories. 

b.  All  moneys  received  for  the  Bureau  of  Research  shall  be  kept  by  the 
Treasurer  of  the  Society  in  a  separate  fund  and  used  only  for  the  purpose 
specified. 

c.  The  Research  Bureau  shall  operate  upon  the  budget  plan ;  all  payments 
from  the  Research  Bureau  fund  are  'to  be  made  by  the  Treasurer  in 
accordance  with  the  existing  present  plan  of  payment  of  the  Society's 
bills,  as  authorized  by  the  Council  Meeting  of  August  16,  1917,  excepting 
that  certification  of  the  vouchers  by  the  Secretary  of  the  Society  is  to 
be  replaced  b}^  certification  by  the  Chairman  of  the  Research  Committee 
or  the  Research  Executive  Committee  ;  all  special  items  are  to  be  approved 
by  the  Research  Executive  Committee  instead  of  the  Finance  Committee 
of  the  Societ\-. 

The  motion  was  seconded,  put  to  vote  and  carried. 
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j.  i.  Lvi.K:    I  next  make  tlie  following"  motion: 

Reports  of  activities  of  the  Research  Bureau  shall  l)e  sent  lo  all  members 
of  the  Society  and  to  all  subscribers  to  the  Research  Bureau  Fund. 

The  motion  was  seconded,  put  to  vote  and  carrietl. 

j.  I.  Lyle  :    I  will  now  make  the  concluding  motion: 

That  the  incoming  President  present  for  the  approval  of  this  body  at 
the  last  session  of  this  Meeting  his  nominations  for  the  Research  Committee ; 
five  to  serve  for  three  years,  five  for  two  years,  and  five   for  one  year 

The  motion  was  seconded,  put  to  vote  and  carried. 

The  President:  A  motion  is  now  in  order  that  we  adopt  this 
report  of  the  Committee  as  a  whole. 

j.  I.  Lyle:  I  move  that  the  report  and  resolutions  he  adopted 
as  the  report  of  the  Committee  as  a  whole. 

The  motion  was  seconded,  put  to  vote  and  carried. 

J.  I.  Lyle:  I  would  now  like  to  make  one  more  motion,  in 
closing.  I  should  like  to  ask  this  Society  to  pass  a  vote  of  thanks 
to  President  Still,  Vice-President  Timmis,  Secretary  Obert,  Treas- 
urer Addams,  W.  F.  McDonald,  E.  E.  McNair,  J.  H.  Davis,  Dr. 
M.  W.  Franklin,  and  H.  M.  Hart,  for  the  trips  which  they  made 
at  their  own  expense  to  address  various  Chapters  on  this  subject. 

I  would  like  that  vote  of  thanks  also  to  include  the  following 
chairmen  who  have  shown  a  good  deal  of  energy  in  carrying  on 
this  work  in  their  various  localities :  Prof.  F.  E.  Giesecke,  F.  F. 
Bahnson,  A.  S.  Kellogg,  H.  M.  Hart,  Prof.  J.  D.  Hoffman,  G.  B. 
Larimer,  W.  F.  McDonald,  Prof.  J.  R.  Allen,  Mr.  Chaffee,  L.  W. 
Moon,  Arthur  Ritter,  Dr.  M.  W.  Franklin,  E.  T.  Murphy,  Prof. 
S.  E.  Dibble,  C.  A.  Booth  and  T.  F.  Humphreys. 

Prof.  John  R.  Allen  :  I  will  amend  the  motion  by  adding  the 
name  of  Mr.  Lyle. 

The  PREsmENT:    H  there  is  no  objection  that  will  he  allowed. 
The  motion  was  seconded,  put  to  vote  and  carried. 
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REPORT   OF   COMMITTEE   ON   STANDARD 
METHOD  FOR  TESTING  RADIATORS 


THE  Committee  on  Standard  Method  for  Testing  Radiators 
made  a  report  to  the  Society  at  the  Annual  Meeting  in  Janu- 
ary, 1918.  Since  that  report  has  been  presented,  certain 
criticisms  of  the  report  and  suggestions  have  been  made  which  the 
Committee  desires  to  present  to  the  Society. 

Prof.  E.  H.  Lockwood  has  presented  to  the  Committee  the  follow- 
ing criticisms  and  suggestions : 

In  a  previous  letter  I  have  expressed  disapproval  of  your  Committee's 
report  on  a  Standard  Method  for  Testing  Radiators.  I  now  give  my  reasons 
for  this  disapproval.  First  of  all,  it  is  important  to  define  the  purpose  of 
making  tests  of  radiators,  for  I  suspect  that  we  do  not  agree  on  this  point. 

My  belief  is  that  a  radiator  should  be  tested  under  uniform  conditions, 
over  which  the  experimenter  has  complete  control,  which  conditions  should 
conform  to  those  of  ordinary  use  except  as  modified  to  secure  uniformity. 
The  aim  is  to  eliminate  all  variable  quantities  except  those  found  in  the 
radiator  itself,  and  thus  make  possible  accurate  cojnparison  of  different  types 
of  radiators. 

Your  test  procedure  fails  to  conform  to  my  notion  in  one  vital  point, 
namely,  the  variations  due  to  the  room  and  the  position  of  the  radiator  in 
the  room.  You  have  magnified  the  variations  by  placing  the  radiator  next 
to  an  outside  wall  and  under  a  window. 

In  my  opinion  irregular  and  inconsistent  results  can  be  confidently  pre- 
dicted when  this  test  procedure  is  followed.  I  had  not  expected  to  give 
an  example  to  enforce  my  opinion,  but  a  very  interesting  one  has  just  come 
to  my  attention. 

In  the  June,  1918,  Heating  and  Ventilating  Magazine,  p.  61,  is  a  report 
of  tests  of  pressed-steel  radiators,  by  Professor  Emswiler  of  the  University 
of  Michigan,  in  the  course  of  which  this  sentence  occurs : 

"It  appears  that  the  cast-iron  radiator  got  away  with  nearly  23  per  cent 
more  heat  than  the  pressed-steel  radiator,  without  putting  any  more  into  the 
room.  The  question  naturally  arises  as  to  where  this  23  per  cent  goes  to. 
and  I  must  confess  that  I  am  unable  to  answer  it." 

It  is  a  significant  fact  that  these  tests  were  made  in  accordance  with  the 
proposed  code,  by  trained  observers  and  refined  apparatus  from  an  engineering 
college,  yet  irregularities  as  large  as  23  per  cent  are  admitted  in  the  results, 
for  which  no  explanation  can  be  found.  \\'ithout  pursuing  this  point  further 
I  think  my  suspicion  of  the  advisability  of  placing  test  radiators  under  a 
window  are  well  justified. 

Superheated  Steam. — I  question  the  wisdom  of  recommending  for  radiator 
testing  the  use  of  slightly  superheated  steam  in  preference  to  properly 
arranged  saturated  steam.  In  my  opinion  the  error  introduced  by  a  trace  of 
moisture  in  one  will  be  overbalanced  by  the  error  of  measuring  the  superheat 
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temperature  in  the  other.  Few  experimenters  using  a  mercurial  thermometer 
will  make  correction  for  exposed  steam,  and  failure  to  do  this  will  often 
make  an  error  of  two  degrees.  I  have  used  both  methods  and  on  the  whole 
prefer  saturated  steam  taken  from  a  vertical  pipe  of  suitable  size. 

Electrical  Method. — I  regard  this  method  as  ingenious  and  valuable,  quite 
appropriate  for  description  in  an  appendix  to  the  Code,  but  not,  at  the 
present  time,  to  be  considered  a  standard  method  recommended  for  general 
use.  In  spite  of  its  promising  features,  the  electrical  method  is  compara- 
tively new  and  untried  and  is  characterized  as  being  rather  costly  and 
complicated. 

Report  Forms. — The  proposed  Code  contains  two  tabulated  forms  in 
which  the  observed  date  and  computed  results  are  given,  one  applying  to  the 
Condensation  method,  the  other  to  the  Electrical  method.  The  two  methods 
are  alternative  and  yield  the  same  final  results.  Either  method  can  be  used 
by  the  experimenter,  but  when  he  reaches  the  end  he  finds  a  different 
answer,  thus : 

Using  the  Condensation  method  the  result  is  expressed  as  "B.t.u.'s  given 
off  per  hour  per  sq.  ft." 

Using  the  Electrical  method  the  result  is  expressed  as  "Value  of  K  in 
B.t.u.'s  actual  surface." 

It  is  obviously  desirable  to  have  test  results  stated  in  a  common  unit  so 
that  comparisons  can  be  made  easily.  Why  not  choose  the  best  unit  and 
put  it  in  both  forms? 

Standard  Room  Temperature. — In  making  radiator  tests  it  is  impossible, 
practically,  to  maintain  70  deg.  fahr.  constant  temperature  and  observations 
are  considered  satisfactory  ranging  from,  say,  68  to  72  deg.  fahr.,  provided 
the  temperature  is  constant  or  nearly  so  during  the  test. 

When  a  radiator  test  is  made  at  an  average  temperature  of,  say,  69  deg. 
fahr.  the  B.t.u.  obtained  per  sq.  ft.  is  by  no  means  a  true  measure  of  the 
heat  given  off;  this  figure  is  too  large  and  must  be  reduced  to  the  standard 
of  70  deg.  fahr.  so  it  can  be  compared  with  corresponding  values  from  other 
radiators  which  are  likewise  referred  to  70  deg.  fahr. 

No  allusion  is  made  in  the  Code  to  reduction  of  observed  heat  units  given 
off  to  a  standard  temperature  of  70  deg.,  although  the  standard  temperature  of 
both  steam  and  room  are  specifically  stated. 

Nezv  Radiation  Unit. — After  making  these  criticisms  I  now  venture  to  offer  a 
suggestion  of  a  new  unit  of  radiator  capacity  which  shall  be  called  a  Foot 
of  Radiation.  The  new  unit  is  not  a  surface  but  a  quantity  of  heat.  It 
was  recognized  in  the  new  Code  for  Testing  Low  Pressure  Heating  Boilers, 
where  its  value  was  stated  for  steam  as  250  B.t.u.  being  equivalent  to  one 
foot  of  radiation. 

It  is  desirable  to  use  the  term  Foot  of  Radiation,  not  a  square  foot, 
because  the  new  unit  is  measured  in  terms  of  heat  and  not  in  measuration 
units. 

A  foot  of  steam  radiation  is  defined  as  any  radiating  surface  that  will 
give  off  250  B.t.u.  per  hour  in  still  air  at  70  deg.  fahr.  when  supplied  with 
steam  at  2.5  lb.  gage  pressure. 

The  measure  of  the  Foot  of  Radiation  is  not  the  foot  rule,  but  the 
annnmt  of  heat  it  will  give  off.  Under  this  rule,  the  maker  can  furnish  any 
kind  of  metal,  of  any  shape  and  size  and  looks,  hut  he  furnishes  a  foot  of 
radiation  in  the  heating  sense  of  the  term  when  his  radiator  gives  off  250 
heat  units  per  hour  under  the  prescribed  room  and  steam  temperature. 

If  such  a  unit  were  recommended  by  this  Society  and  generally  adopted 
by  manufacturers,  the  rated  capacity  of  a  radiator  would  have  a  definite 
meaning  in  heat  units.  In  that  case  the  correctness  of  the  rating  of  a  radiator 
could  be  checked  by  making  a  test  to  determine  the  heat  given  off  under 
standard  conditions.  There  would  be  no  question  as  to  the  amount  of 
surface  of  the  radiator,  as  the  maker  contracts  to  furnish  heat,  not  surface. 

If  the  new  unit  were  adopted,  it  would  introduce  an  item  in  the  tabulated 
form,  such  as,  "Feet  of  Radiation,  H.  &  V.  Standard,"  and  this  unit  would 
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measure  the  capacity  of  the  radiator,  just  as  the  term  "boiler  horse  power" 
measures  the  capacity  of  a  power  steam  boiler. 

I  believe  that  such  a  capacity  unit  would  be  w'elcomed  by  manufacturers 
of  radiators,  as  giving  them  a  definite  standard  which  would  be  fair  for 
all  for  catalogue  ratings,  and  furthermore,  it  would  be  easily  understood  and 
applied  by  heating  engineers. 

I  believe  this  Committee  could  do  nothing  of  higher  value  than  to 
standardize  the  term  Foot  of  Radiation  for  direct  steam  heating,  by  defining 
its  value  for  steam  and  hot  water  radiators. 

A  letter  from  Mr.  L.  C.  Soule,  member  of  the  Committee,  con- 
tains so  many  interesting  facts  bearing  on  this  subject  that  the  Com- 
mittee desires  to  present  it  to  the  Society : 

I  have  a  favorable  opinion  regarding  some  of  Professor  Lockwood's 
criticisms  but  do  not  agree  with  others.  At  the  time  you  sent  me  the  report 
for  my  approval  last  winter,  we  had  not  completed  an  extensive  series  of 
tests  on  direct  radiators  and  convectors,  so  I  was  not  ready  at  that  time  to 
suggest  any  radical  changes  in  your  original  report.  In  the  light  of  results 
obtained  in  our  experiments,  and  in  order  to  give  you  my  opinion  of 
Professor  Lockwood's  criticisms,  I  offer  the  following  suggestions: 

Comparative  tests  on  radiators  should  be  made  in  rooms  of  identical 
construction,  size  and  exposure.  These  rooms  should  each  be  one  room 
houses  with  four  sides  exposed,  and  each  house  located  so  that  prevailing 
winds  will  have  full  free  sweep  over  each  house.  In  other  words,  one 
house  must  not  cut  off  the  wind  from  the  other  house.  These  houses  should 
be  located  perhaps  on  the  roof  of  a  high  building,  so  that  adjoining  buildings 
will  not  break  up  the  wind  currents,  and  so  that  outside  atmospheric  condi- 
tions will  be  undisturbed. 

We  have  found  in  our  experiments  that  wind  velocity  has  a  big  effect 
on  the  condensation  of  steam  in  direct  radiators  inside  a  room  or  building 
subjected  to  the  wind.  We  found  it  practically  impossible  to  make  con- 
sistent allowance  for  these  variations  in  wind,  velocities,  so  we  adopted 
the  plan  of  using  the  results  of  only  those  tests  made  when  the  wind 
velocity  was  normal  (say  10  to  15  miles  per  hour)  and  with  a  constant 
direction  of  wind  from  the  west. 

After  having  made  the  test  rooms  or  houses  identical,  and  securing 
practically  constant  wind  direction  and  velocity,  we  then  found  that  the 
condensation  from  direct  radiators  located  3  in.  from  the  outside  west 
wall  became  greater  as  the  outside  air  temperature  became  lower.  In  fact, 
we  were  able  to  plot  curves  showing  the  condensation  of  a  radiator  in 
such  a  room  and  under  above  conditions  of  wind  velocity  and  direction, 
and  these  curves  showed  a  regular  increase  in  condensation  as  the  outside 
temperature  approached  zero  and  below. 

We  believe  that  many  of  the  variations  in  test  results  found  by  previous 
experiments  were  caused  largely  by  not  taking  into  account  the  variations 
in  outside  temperature  and  perhaps  variations  and  changes  in  velocity  and 
direction  of  wind. 

We  have  also  proven  beyond  a  doubt  that  the  condensation  in  a  direct 
radiator  is  not  at  all  a  measure  of  its  room  heating  effect.  A  considerable 
proportion  of  the  steam  condensed  by  a  direct  radiator  is  heat  lost  through 
windows  and  walls  by  direct  radiation  that  has  no  room  heating  effect.  The 
amount  depends  (for  bare  iron  radiators)  on  the  outside  parallelogram  of 
exposed  radiator. 

We  understand  that  Professor  Emswiler  obtained  nearly  23  per  cent 
more  condensation  in  a  cast-iron  radiator  than  in  a  pressed-steel  radiator 
of  equal  surface  without  putting  any  more  heat  into  the  room.  We  will 
assume  that  neither  one  of  his  test  radiators  were  painted  or  bronzed.  It 
is  evident  that  the  cast-iron  radiator  occupied  a  greater  parallelogram  of 
space  than  the  pressed-steel  radiator,  and  therefore  lost  considerably  more 
heat  by  radiation.  We  are  confident  that  the  cast-iron  radiator  condensed 
more   steam   than  the  pressed-steel   radiator  for  the  additional   reason   that 
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the  cast-iron  loops  are  spaced  further  apart  than  the  pressed-steel  loops. 
This  arrangement  of  heating  surface  would  put  more  heat  into  the  room  by 
convection  and  give  more  condensation  for  the  wide-open  cast-iron  sections 
than  for  the  close-together  pressed-steel  section.  By  suppressing  radiant 
heat  from  a  direct  radiator,  by  making  it  a  convector,  with  a  bright  tin-lined 
insulated  jacket,  we  were  al)le  to  save  as  high  as  20  per  cent  of  heat  which 
would  otherwise  be  lost  by  radiation. 

In  these  experiments,  we  kept  our  test  radiators  under  thermostatic  control 
so  that  a  constant  room  temperature  was  maintained  ranging  from  68  to  70 
deg.  This  means  that  steam  was  not  on  in  either  one  of  the  test  radiators 
all  the  time,  but  each  radiator  supply  valve  opened  and  closed,  as  was  regu- 
lated by  the  controlling  device,  according  to  the  room  temperature.  This 
means  that  we  were  not  exactly  testing  the  regular  condensing  power  of 
direct  radiators,  but  we  were  testing  the  room  heating  effect  of  two  different 
test  radiators  in  identical  one-room  houses,  under  the  same  conditions.  This 
means  that  when  the  outside  temperature  reached  70  deg.,  both  test  radiators 
would  be  entirely  shut  off,  and  there  would  be 'no  condensation  in  either 
one.  Therefore  there  would  be  no  saving  of  radiant  heat  at  70  deg.  outside 
temperature,  but  at  0  deg.  outside  there  was  a  saving  of  nearly  20  per  cent. 
We  have  found  that  painting,  bronzing,  and  nickeling  radiators  has  a  certain 
effect  on  condensing  power,  and  is  due  probably  to  the  suppression  of  radiant 
heat,  but  we  think  there  is  much  experimental  work  yet  to  be  done  along 
this  line. 

We  believe  that  the  procedure  was  correct  in  placing  the  radiator  next 
to  an  outside  wall,  but  think  that  perhaps  it  would  have  been  better  not  to 
place  the  test  radiators  under  the  window,  since  perhaps  wind  velocity,  air 
leakage  through  window,  and  cold  outside-air  might  make  large  variations  in 
the  results  which  it  would  be  hard  to  reconcile  in  tabulating  results  or 
plotting  curves  of  same. 

I  have  found  from  my  experience  in  radiator  testing  that  fewer  errors 
are  encountered  by  placing  a  pressure-reducing  valve  in  the  steam  supply 
line  and  by  supplying  the  test  radiators  with  steam  having  a  few  degrees 
of  superheat,  so  as  to  insure  dry  steam  entering  the  radiator.  We  made 
radiator  tests  for  three  years  and  were  unable  to  get  consistent  results 
wath  so-called  saturated  steam,  because  it  always  contained  considerable 
percentages  of  moisture,  but  after  we  adopted  the  method  of  the  pressure- 
reducing  valve  and  a  few  degrees  of  superheat,  we  were  able  to  get 
consistent  results.  I  therefore  agree  with  the  method  of  arranging  steam 
supply  and  method  of  handling  condensation.  We  have  used  the  same  methods 
with  very  consistent  results. 

Regarding  the  Electrical  method,  possibly  Professor  Lockwood's  sug- 
gestion is  good — namely,  that  the  method  be  described  in  an  appendix  to 
the  standard  Code,  but  ought  not  to  be  considered  at  the  present  time  as  a 
standard  method  recommended  for  general  use.  I  agree  that  the  Electrical 
method  is  ingenious  and  valuable,  but  it  is  expensive  and  somewhat  com- 
plicated. Perhaps  it  should  be  developed  further  before  being  adopted  as  a 
standard  method. 

Regarding  the  tabulated  data  for  Condensation  method  and  Electrical 
method,  the  two  methods  are  alternative  and  j'ield  the  same  final  results. 
Therefore  it  would  perhaps  be  better  to  adopt  the  same  unit  for  both 
methods.  Either  choose  "B.t.u.  per  hour  per  sq.  ft,  of  radiator  surface" 
or  "B.t.u.  per  hour  per  sq.  ft.  of  radiator  surface  per  degree  difference 
between  steam  in  radiator  and  air  in  test  room." 

We  believe  that  if  an  experimenter  maintains  each  test  room  within  a 
temperature  range  from  68  to  70  deg.  fahr.,  that  this  is  sufficiently  close 
for  comparisons  without  attempting  to  make  any  corrections,  as  for  example, 
to  reduce  all  results  to  70  deg.  We  believe  that  the  correction  would  be 
so  slight  as  to  be  not  warranted. 

Professor  Lockwood's  suggestion  of  a  new  radiation  unit  is  not  approved 
by  the  writer  for  reasons  which  are  indicated  in  the  opening  paragraphs  of 
this  letter.  Professor  Lockwood  suggests  250  B.t.u.  per  hour  as  the  new 
unit,  which  should  be  called  a  Foot  of  Radiation.  He  says  that  this  unit 
would  measure  the  capacity  of  a  radiator.     We  are  inclined  to  the  opinion 
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that  within  a  short  time  we  will  not  pay  so  much  attention  to  the  condensing 
power  of  a  radiator  as  we  will  to  its  room  heating-  effect.  If  this  is  so, 
we  will  not  be  so  much  interested  in  the  amount  of  heat  a  radiator  will 
give  off,  but  rather  in  the  amount  of  heat  which  it  will  impart  to  the  air 
itself. 

I'urtlierniore,  I'mfesMjr  Lockwood  is  mistaken  wlien  he  saj'S  that  the 
radiator  manufacturer  contracts  to  furnish  heat  and  not  radiating  surface. 
Manufacturers  of  radiators  never  take  contracts  and  they  never  guarantee 
to  furnish  heat,  and  never  assume  responsibility  for  the  installation.  They 
simply  manufacture  the  radiation  and  sell  it  to  the  heating  contractor, 
who  installs  same  and  guarantees  the  heating  job.  If  the  heating  installa- 
tion is  laid  out  by  a  regularlj-  employed  consulting  or  heating  engineer,  he 
takes  the  responsibility  for  the  proper  operation  of  the  system,  and  stands 
responsible  for  the  system  producing  sufficient  heat,  but  in  ordinary  installa- 
tions the  heating  contractor  only  is  responsible.  The  manufacturer  of  radi- 
ators is  never  responsible  except  for  the  excellence  of  manufacture  of  his 
product.  It  is  true  that  manufacturers  rate  their  boilers  in  terms  of  feet 
of  radiation,  and  that  in  this  instance  a  foot  of  radiation  represents  0.25  lb. 
of  steam  condensed  per  hour  for  low  pressure  steam,  but  we  do  not  approve 
of  employing  this  value  as  a  new  radiation  unit,  and  allowing  irresponsible 
people  to  put  in  any  size  of  radiator  which  they  claim  will  heat  the  room. 
Many  of  these  makers  are  not  equipped  with  proper  testing  laboratories 
and  equipment  and  do  not  have  competent  engineers,  so  that  any  test  results 
they  might  publish  would  be  entirely  unreliable  and  would  simply  lead  the 
heating  contractor  and  purchaser  into  trouble.  Therefore  I  disapprove 
adoption  of  any  such  Foot  of  Radiation  units,  and  recommend  that  the 
present  procedure  of  figuring  radiation  be  followed  until  some  definite 
arrangement  can  be  adopted  for  furnishing  radiation  for  its  room  heating 
effect. 

I  approve  of  the  Committee's  method  of  testing,  outside  of  the  suggestions 
contained  in  the  above,  which  recommendations  are  given  you  as  the  result  of 
our  findings  here.  We  have  spent  several  years  concentrating  on  this 
particular  subject  and  believe  that  we  have  finally  found  the  best  methods  of 
testing.  We  have  completed  our  experiments,  but  may  possibly  undertake 
others  at  a  later  date. 


The  following  is  quoted  from  Mr.  C.  W.  Johnson,  member  of 
the  Committee : 

I  have  read  Professor  Lockwood's  criticism  of  the  Committee  report  on 
Standard  Method  of  Testing  Radiators  with  great  interest,  and  while  I  am 
not  ready  to  give  opinions  on  the  different  items  he  takes  exception  to,  I 
concur  in  his  opinion  that  radiators  "should  be  tested  under  uniform  condi- 
tions over  which  the  experimenter  has  complete  control";  also  that  more 
accurate  results  will  be  obtained  during  testing  of  radiators  where  same  are 
set  away   from   windows. 

I  believe  his  doubt  as  to  the  wisdom  of  using  slightly  super-heated  steam 
for  testing  is  well  founded,  and  though  I  have  no  knowledge  of  what  propor- 
tion of  the  cast-iron  radiation  manufactured  is  used  in  strictly  low-pressure 
steam-heating  plants,  it  is  my  opinion  that  75  per  cent  is  a  low  estimate,  for 
which  reason  it  seems  it  would  be  proper  to  test  them  under  such  steam 
conditions. 

^tiSProffssor  Lockwood's  suggestion  that  a  new  radiation  unit  be  adopted 
is  certainly  worth  further  consideration.  It  would  make  a  splendid  topic 
for  discussion  for  the  several  Chapters  of  the  Society  where  opinions  of 
heating  engineers,  architects,  manufacturers,  and  contractors  could  be  heard, 
especially  the  manufacturers,  from  whom  many  objections  to  a  change  from 
present  methods  of  measuring  heating  surface  can  be  expected. 

Professor  Lockwood  has  given  the  Committee  report  and  his  criticism 
a  great  deal  of  thought,  and  I  think  it  will  be  interesting  to  note  how  his 
suggested  term,  Foot  of  Radiation,  will  appeal  to  the  Society. 
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The  following  criticism  and  suggestions  have  been  made  by  Prof. 
J.  E.  Emswiler  of  the  University  of  Michigan : 

On  page  1,  under  the  heading,  Location  of  Tests,  it  seems  that  it  might 
be  well  to  specify  the  position  of  the  window  shades,  which  should  of  course 
be  normal  during  the  tests.  We  have  noted  some  variations  in  results  which 
we  have  attributed  to  the  window  shades  being  drawn  too  far  down,  although 
we  are  not  positive  on  this  point.  At  any  rate,  it  seems  that  it  would  be 
worth  mentioning,  since  it  is  a  matter  that  can  be  so  easily  adjusted  during 
the  test,  if  the  attention  of  the  tester  is  called  to  it. 

It  is  more  than  probable  that  the  height  of  the  radiator  above  the  floor 
has  some  possible  influence,  although  I  don't  know  that  any  specific  results 
have  ever  been  obtained  to  show  this.  Unfortunately,  our  present  method 
of  using  the  electrical  boiler  requires  the  elevation  of  the  radiator  some  4 
to  6  in.  above  its  normal  position.  In  a  permanent  testing  plant,  where  a 
permanent  location  for  the  radiator  has  been  decided  upon,  a  boiler  could, 
of  course,  be  placed  underneath  the  floor  with  pipes  passing  through  the 
opening,   thus  allowing  the  radiator  to  rest  in  its  normal  position. 

On  page  2,  line  5,  "a  few  degrees  of  superheat"  is  referred  to.  Would 
it  not  be  wise  actually  to  specify  the  degrees  that  would  be  considered  best?  I 
should  say,  myself,  the  number  of  degrees  ought  to  lie  between  10  and  15. 

On  the  same  page,  in  lines  9,  10  and  13,  there  appears  the  word  "con- 
densing" with  reference  to  the  chamber  into  which  the  condensate  drops 
from  the  radiator.  I  should  think  the  word  "collecting"  would  better 
describe  this  operation  of  the  apparatus. 

On  the  same  page,  under  the  paragraph  headed,  Iiistni»iciits,  the  report 
alluded  to  the  temperature  of  200  deg.  as  corresponding  to  the  standard 
steam  pressure.  I  think  it  would  clarify  this  portion  of  the  report  if  that 
pressure  were  mentioned,  at  this  point.  After  having  read  the  report  through 
I  discovered  later  that  it  defines  the  pressure  of  2^/^  lb.  above  atmosphere 
as  standard  pressure.  I  think  it  should  be  mentioned  at  this  point  in  con- 
nection with  the  temperature. 

On  page  2,  line  28,  it  seems  to  me  that  the  requirements  that  the  ther- 
mometers should  be  immersed  at  the  readings  is  a  rather  difficult  one  to 
meet,  in  most  cases,  since  this  requires  a  rather  deep  thermometer  cup  and 
necessitates  the  introduction  of  additional  tees  and  vertical  nipple  lines, 
in  order  to  get  sufficient  depth.  I  should  think  it  would  be  sufficient  to 
specify  calibrated  instruments,  as  you  have  done,  and  point  out  that  cor- 
rection should  be  made  for  steam  exposure,  where  the  depth  of  the  thread 
is  considerably  higher  than  the  depth  of  the  well. 

On  page  3.  under  paragraph  heading.  Conducting  the  Test,  in  the  7th  and 
8th  lines  of  that  paragraph,  it  is  specified  that  the  weight  of  condensation 
should  be  determined  every  15  minutes,  while  the  readings  of  gage  and 
thermometers  should  be  made  every  10  minutes.  It  occurs  to  me  that  it 
would  be  desirable  to  specify  the  same  time  interval  for  both  these  sets 
of  quantities.  I  say  this  particularly  with  a  view  to  simplifying  the  form 
upon  which  the  data,  as  taken,  will  be  tabulated.  In  most  cases  in  our  tests 
here,  I  have  had  readings  taken  every  10  minutes,  for  all  quantities,  although 
I  don't  believe  that  with  the  steady  conditions  that  prevail  ordinarily  during 
the  test,  15  minute  intervals  would  be  too  long  for  any  of  the  quantities. 

In  line  12  of  the  same  paragraph,  the  standard  room  temperature  is 
referred  to  as  70  deg.  I  believe  that  right  here  a  good  many  difficulties  are 
going  to  arise  and  possibly  they  can't  be  anticipated  in  any  standard  method. 
To  maintain  a  room  temperature  of  70  deg.  in  any  given  room,  with  any 
given  radiator,  will  be  almost  impossible,  except  for  one  outside  temp^S? 
ture,  which  of  course  is  not  under  control  and  can't  be  secured  at  will. 
The  question  then  arises  as  to  whether  it  is  allowable  to  have  another  radi- 
ator in  the  same  room,  under  thermostatic  control,  to  maintain  the  standard 
of  70  deg.  I  don't  see  how  the  maintenance  of  this  standard  temperature 
can  be  secured  in  any  other  way,  without  a  very  elaborate  testing  plant 
in  which  the  experimental  room  is  in  turn  enclosed  in  a  large  room  in 
which  a  constant  temperature  can  be  maintained.  Such  a  plant,  however. 
I  think  would  be   out  of   the   question   for  most  of   us,   on   account  of   its 
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elaborateness  and  expense.  The  only  other  alternative  is  to  do  as  we 
have  done  here — that  is,  to  operate  the  radiator  at  the  standard  pressure 
and  permit  the  room  temperature  to  vary  in  accordance  with  the  supply 
of  heat  from  the  radiator  and  the  loss  of  heat  to  the  outside.  This  very 
often  results  in  a  difference  between  steam  and  room  temperature  considerably 
divergent  from  the  150  deg.  specified. 

Both  this  plan  and  the  use  of  the  service  radiator  under  thermostatic 
control,  have  objections.  I  believe  that  the  service  radiator  induces  an 
auxiliary  circulation  of  the  air  in  the  room,  which  is  reflected  in  the  per- 
formance of  the  test  radiator  and  so  introduces  some  elements  of  uncer- 
tainty. On  the  other  hand,  testing  with  a  difference  between  room  and 
steam  quite  a  little  divergent  from  150,  is  liable  to  introduce  some  error 
again,  on  account  of  the  heat  transmission  not  varying  as  the  first  power  of 
temperature  difference.  I  am  at  a  loss  to  give  an  opinion  as  to  what  should 
be  recommended  in  this  connection. 

In  the  tabular  form,  item  7  alludes  to  "Humidity  in  room"  and  item  28 
refers  to  "Average  humidity."  I  am  wondering  if  item  7  does  not  refer 
to  humidity  of  air  outside,  which  would  make  it  consistent  with  items 
4.  5  and  6. 

At  the  end  of  this  suggested  form  there  do  not  appear  any  items  for 
the  value  of  "k,"  such  as  are  appended  to  the  tabular  form  for  the  electrical 
method  of  testing.  Should  not  these  items  appear  at  the  end  of  the  first 
table? 

On  page  5,  lines  12  and  13  of  the  second  paragraph,  the  word  "radiant" 
has  been  used  to  describe  the  losses  of  the  electric  boiler  itself.  It  might  be 
better  simply  to  omit  the  word,  so  that  the  allusion  would  be  to  "losses  of 
the  heater."  since  these  losses  are  identical  with  those  of  the  radiator,  in 
that  they  may  be  partly  radiant  and  partly  convecjtive. 

In  the  suggested  table  of  results  for  the  electrical  method,  I  call  attention 
again  to  item  7,  relating  to  humidity  in  the  room. 

At  the  end  of  this  table  it  is  stated  that  one  kilowatt  hour  equals  3.412 
B.t.u.     This  should  be  changed  to   "One  watt  hour  equals  3.412  B.t.u." 

Committee  ox  Standard  Method  for  Testing  Radiators, 

John  R.  Allen,  Chairman. 


No.  502 

EXPERIMENTS  IN  AIR  CONDITIONING  THE 

HOME 

By  Emery  R.  Hayhurst,'   Columbus,  Ohio 
Non- Member 

THE  specific  problem  whose  solution  was  attempted  was  that 
of  determining  whether  the  average-sized  residence  could  be 
air-conditioned,  especially  in  regard  to  maintaining  a  proper 
humidity  (40  to  50  per  cent),  comfortable  temperature,  and  health- 
ful atmosphere  during  the  closed-up  season  of  the  year  and  in  a 
manner  to  be  practical  and  feasible  for  the  small  householder. 

The  experimenter  used  his  own  residence,  located  in  Columbus, 
Ohio,  toward  the  outskirts  of  the  northern  part  of  the  city  and  on 
an  elevation  estimated  as  100  ft.  higher  than  the  central  portion  of 
the  city.  The  building  was  of  brick  and  built  as  a  "double"  apart- 
ment, facing  west,  the  south  half  of  which  was  occupied  by  the 
experimenter  and  the  experiments  were  entirely  limited  to  this  por- 
tion of  the  building.  A  solid  brick  wall  separated  the  experimenter's 
portion  of  the  building  from  the  other  portion,  which  was  also  occu- 
pied as  a  residence. 

The  building  was  covered  with  the  usual  type  of  slate  roof,  and 
the  basement  was  built  of  stone  and  cement,  7  ft.  high,  with  a  con- 
crete floor  15  X  40  ft.  The  basement  was  separated  by  solid  masonry 
from  its  neighbor  and  was  all  open  in  one  space,  its  floor  about  4 
ft.  below  the  ground  level.  It  had  one  outside  entrance,  well  pro- 
tected with  a  vestibule,  and  one  inside  stairway  leading  to  the 
kitchen  on  the  floor  above.  There  were  four  well-fitted  basement 
windows,  2x3  ft.,  above  the  ground  level.  The  basement  was 
capable  of  maintaining  fairly  fixed  air  conditions,  therefore  acting 
as  a  good  insulation  to  the  base  of  the  building. 

The  first  floor  consisted  of  three  rooms  in  linear  order  from 
front  to  rear,  space  being  taken  ofif  of  the  center  rooms  of  the  build- 
ing on  each  floor  for  the  halls  and  stairways.  A  rather  massive 
type  of  brick  front  porch,  15  x  18  ft.,  unenclosed,  joined  directly 
under  one  roof  to  the  neighbor's  porch  on  the  north  side,  and  tended 
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somewhat  to  temper  weather  conditions.  In  addition,  a  small  un- 
enclosed rear  porch,  (i  x  8  ft.,  protected  the. kitchen  entrance  to 
some  extent.  In  addition  to  the  jjractically  complete  insulation  of 
the  experimenter's  part  of  the  building  on  the  entire  north  side,  by 
the  other  half  of  the  building,  there  was  a  large  frame  residence 
located  from  5  to  10  ft.  distant  on  the  soulh  side,  with  height  some- 
what greater  than  the  premises  in  question. 

The  sizes  of  the  rooms  on  the  first  lloor  with  the  number  of 
openings  is  given  herewith : 

Space     Win-     Doors  to 

Room  Dimensions    (Feet)  (cu.  ft.)   dows     Exterior 

Parlor',  14%xl4%x9  and  a  bay  of  138  cu.  ft..     2095  4  V 

Dining  Room',  Ilxl4%x9     1459  2  0 

Kitchen,  10%xl4%x9    1368  3  V 

Hallways,  entirely  enclosed  and  not  included  in 

the  experiments. 

The  second  floor  had  much  the  same  arrangement  as  the  first, 
consisting  of  three  rooms  in  linear  order  with  hall,  stairway  and 
bathroom  located  on  inner  side  of  building  in  addition.  The 
description  of  the  second  floor  is  tabulated  as  follows : 

Space     Win-     Doors  to 
Room  Dimensions    (Feet)  (cu.  ft.)   dows     Exterior 

Study',  15x141/2x81/2  and  a -bay  of  138  cu.  ft..     1987  3*  0 

Bedroom,  a    middle    room   not    included   in    ex- 

periments. 

Playroom,  8y2x9i/4x8y2     670  1  1° 

Hallways,  entirely  enclosed  and  not  included  in 

the  experiments. 

A  large  attic,  unfinished  except  for  tight-flooring  over  two-thirds 
of  its  extent,  acted  as  an  insulator  to  the  top  of  the  building. 

It  will  be  seen  that  the  total  cubic  space  included  iiT  the  experi- 
mental rooms  (parlor,  dining-room  and  kitchen  on  the  first  floor, 
and  study  and  play-room  on  the  second  floor),  comprised  7,5(59  cu. 
ft.  Necessarily,  several  hundred  cubic  feet  (estimated  for  con- 
venience at  569)  were  occupied  with  furniture,  fireplace  and  chim- 
ney extensions,  etc.  Therefore,  approximately  7,000  cu.  ft.  was 
the  maximum  cubic  space  directly  concerned  in  the  experiments. 

Hence,  the  abode  consisted  of  an  ordinary-sized  residence  place 
(one-half  of  a  brick  "double"),  located  in  a  city  residence  district, 
rather  closely  built  up  and  at  a  good  relative  elevation. 

The  experiments  were  conducted  between  January  8th  and  Feb- 
ruary 17th,  1918,  which,  it  will  be  recalled,  included  the  continuous 
extent  of  severe  weather  of  a  rigorous  winter.  The  preliminary 
work  consisted  in  testing  and  arranging  apparatus  such  as  ther- 
mometers, humidifier,  etc.  Actual  determinations  began  on  January 
10th  and  continued  daily  with  certain  exceptions  through  to  Febru- 
ary 7th,  when  a  warmer  spell  prevailed  for  about  a  week,  final 
determinations  being  completed  on  February  17th,  when  another 
cold  spell  was  at  hand.  « 

'Contained   ordinary  gas-grate   fireplace   with   flue  opening  XYz   -k  2Q  in. 
^liis  door  had  a  plate-glass  window  about  2J^   x  5  ft. 
^This  door  had  a  plain  window  2  ft.  square. 

*In   addition,  two  small  windows,   1 V.  x   2   ft.,   placed  with  sills  S   ft.  above  the  floor. 
■^This  door   had  a   plain   glass   window,  2   ft.   sciuare,  and   opened  onto   a   practically   open 
.sleeping  porch,  6x8  ft.    Csimply  roofed  over,  sided  up  for  the  lower  2^   ft.  and  screened 
.above  this  to  the   roof). 
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FACTORS  OF  INFLUENCE 

1.  Protection  or  General  Insulation  of  House.  Because  of  the 
construction  and  situation  of  the  building  in  relation  to  neighboring 
structures,  it  may  be  stated  that  it  was,  perhaps,  a  little  better  pro- 
tected from  weather  conditions  than  the  usual  residence,  although 
the  elevation  of  this  part  of  the  city  permitted  probably  fuller  ex- 
posure to  weather  conditions  than  is  ordinarily  the  case. 

2.  Special  Insulation.  There  were  no  storm-windows  nor  storm- 
doors.  However,  the  looser  window  sashes  and  the  two  doors  to 
the  exterior  on  the  first  floor,  as  well  as  the  door  to  a  sleeping  porch 
on  the  second  floor,  were  well  weather-stripped.  Walls  and  ceil- 
ings were  lathed  (except  on  both  outer  walls),  plastered  and 
papered.  Air  filtration  leaks  and  losses  of  heat  by  conduction  through 
these  were,  therefore,  to  be  considered  controlled  in  a  fairly  good 
manner.  (Note,  however,  the  chimney  openings  of  three  grates  and 
kitchen  elsewhere  described.)  Hence  the  brick  construction  with 
entire  north  wall  free  from  openings  (with  the  opposing  half  of 
building  occupied),  the  tight  basement  and  large,  although  unfin- 
ished, attic  produced,  withal,  an  insulation  fully  in  keeping  with, 
but  no  better  than,  the  average  residence.  The  flooring  on  the  first 
floor  was  double,  the  upper  layer  being  14,-m.  oak;  on  the  second 
floor  single,  pine,  well  varnished. 

3.  Rooms  Used  in  Experimeyits.  Only  the  three  first  flooi 
rooms,  and  the  front  room  (study)  and  small  rear  room  [play- 
room) on  the  second  floor  were  included  in  the  experiments,  since 
these  rooms  were  the  only  ones  where  it  was  attempted  to  main- 
tain a  steady  comfortable  temperature.  A  small  bathroom  on  the 
second  floor  w^as  omitted  as  well  as  a  bedroom — the  latter  unheated. 
All  halls  and  stairways  were  omitted.  Wlien  the  furnace  was  oper- 
ating, the  general  temperature  in  the  basement  ranged  from  40  to 
00  deg.  fahr.  A  gas-burner  under  a  non-insulated  hot-water  tank 
was  going  continuously  in  the  basement.  This,  when  the  furnace 
was  not  in  operation,  was  found  sufficient  to  keep  the  basement 
temperature  up  to  at  least  o'l  deg.  fahr.,  even  on  the  coldest  and 
windiest  days. 

4.  Heating  Methods  and  Appliances.  Coal  shortage  rendered 
it  possible  to  continue  tl;e  experiments  only  for  the  length  of  time 
indicated  (January  10th  >o  February  17th).  The  furnace^,  which 
burned  coal,  was  pbced  in  the  center  of  the  basement  and  had  hot- 
air  ducts  with  fairly  good  upward  slope.  It  was,  by  experience,  a 
fairly  good  heater  anrl  in  good  condition.  It  was  provided  with  a 
galvanized-iron  cold-air  duct  about  2  ft.  in  diameter,  leading  from 
a  south  window  of  the  basement.  This  duct  was  provided  with  a 
damper  to  shut  oflf  the  intake  of  outdoor  air.  In  the  side  of  this 
duct  near  the  furnace  v.'as  an  opening  or  a  "basement  intake."  2 
ft.  square,  which  could  be  shut  up  by  a  hinged  door.  During  the 
course  of  the  experiments  onlv  the  basement-intake  was  used,  and 
the  damper  in  the  outdoor-intake  was  kept  closed.  However,  con- 
siderable inleakasfe  of  outdoor  air  occurred  here,  as  is  usual  in  the 
ordinary  type  of  damper  control  of  such  ducts.     The  house  circula- 

'Installed   by  the   Columlnis  Heating  and    Ventilating   Company. 
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tion,  therefore,  was  (a)  from  the  basement  into  (b)  the  furnace 
jacket,  then  (c)  through  the  various  hot-air  ducts  and  registers  to 
{d)  the  rooms  above,  with  whatever  returns  there  were  through 
(e)  door-leaks  and  leakages  about  gas  pipe  openings,  etc.,  passing 
vertically  through  the  floors.  There  were  no  return  ducts  or  regis- 
ters either  between  the  second  and  first  floors,  or  between  the  first 
floor  and  basement.  However,  the  indoor  filtration  leaks  were  of 
some  importance  in  creating  a  circulation  and  recirculation  of  air 
between  floors. 

Gas-grates  were  present  in  the  front  room  (parlor)  and  middle 
room  (dining-room)  on  the  first  floor  and  in  the  front  room  (study) 
on  the  second  floor.  All  were  used  frequently  as  necessary  auxiliary 
heating  units.  All  were  flue- ventilated  (without  dampers)  to  the 
exterior  by  chimneys  (see  Tables  for  dimensions  of  openings).  The 
kitchen  was  provided  with  a  gas-stove  which  was  also  used  con- 
siderably as  a  heating  unit.  This  stove  was  also  flue-vented,  with- 
out damper,  by  a  4-in.  pipe  to  a  chimney  of  good  draft.  The  study 
was  provided  with  a  portable  Reznor  gas-stove  which  was  used 
fairly  often  in  addition  to  the  furnace  supply  and  the  gas-grate  in 
this  room.  The  playroom  was  provided  with  an  overhead  gas- 
plate-heater  of  the  yellow-flame,  complete-combustion  type,  which 
was  also  used  fairly  often.  During  the  experiments,  all  doors  to 
other  rooms,  halls  and  to  the  exterior  were  kept  closed  with  the 
exception  of  the  necessary  moments  of  ingress  and  egress. 

5.  The  Number  of  Occupants  is  a  feature  of  some  importance 
in  the  matter  of  both  heat  and  humidity  production,  particularly 
when  several  may  be  gathered  in  one  room  for  some  period  of 
time.  Persons  in  the  household  consisted  of  two  adults  and  two 
small  children.  Rarely  were  these  all  present  at  one  time  in  any  one 
room. 

6.  Reference  to  the  Tables  will  show  that  the  Primary  Sense 
Impression  (P.  S.  I.)  was  carefully  noted  as  an  important  index  to 
the  general  ventilation  of  each  room.  It  was  always  determined 
immediately  upon  entering  a  room. 

7.  General  Room  Comfort  in  the  matter  of  temperature  or  air 
movements  after  the  experimenter  or  others  had  been  present  for 
half  an  hour  or  more,  was  also  noted  with  each  determination. 

8.  A  set  of  reliable  Tycos  thermometers  (eight  in  number) 
was  hung  in  the  various  rooms  on  side  walls  farthest  from  heating 
units  at  a  height  of  about  5  ft.  from  the  floor.  All  of  these  ther- 
mometers were  calibrated  against  the  dry-bulb  thermometer  used 
on  the  sling  psychrometer,  the  calibrations  being  made  at  different 
degrees  of  temperature  in  approximately  10  deg.  intervals  from  50 
to  100  deg.  fahr. 

0.  Psychromctric  Readings.  A  Tycos  pocket-ty])e  sling 
psychrometer  of  first-class  quality  and  accuracy  was  used.  Read- 
ings were  made  at  about  the  center  of  each  room  and  at  the  same 
place  always.  The  i:)svchrometer  was  whirled  for  a  minute  or  two 
until  both  the  drv-bulb  and  wet-bulb  readings  were  constant,  then 
both  were  immediately  read.  Distilled  water,  which  stood  in  cov- 
ered glass  tumblers  in  each  room,  in  order  to  insure  "room  tem- 
perature"  of   the    water  used,   was   used    for   moistening   the   wet 
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bulb.    Relative  humidities  were  determined  by  consulting  a  psychro- 
metric  table  in  the  usual  manner. 

10.  As  each  indoor  psychrometric  reading  was  made,  the  Out- 
door Temperature,  as  indicated  by  a  standardized  thermometer  hung 
on  the  back  porch  (building  wall;  was  also  read. 

11.  Official  Weather  Conditions.  At  the  completion  of  the  series 
of  experiments,  in  response  to  a  request  made  of  the  Director  of 
the  local  Columbus  Weather  Bureau,  the  experimenter  was  sup- 
plied with  a  report  of  the  weather  conditions  in  regard  to  (a)  Tem- 
perature, {h)  Relative  Humidity,  (c)  Wind  Velocity  and  {d)  Wind 
Direction  for  each  of  the  hours  corresponding  to  the  readings  made 
in  the  home  experiments.  Only  occasionally  did  the  official  records 
as  to  temperature  vary  more  than  2  or  3  deg.  from  those  noted  by 
the  back-porch  thermometer,  in  which  cases  official  records  were 
invariably  more  extreme  than  those  given  by  the  experimenter's 
thermometer  (which  was  therefore  on  the  safe  side).  The  experi- 
menter did  not  attempt  any  psychrometric  readings  out-of-doors. 

12.  Temporary  Disturbing  Factors  consisted  principally  of  laun- 
dry work,  weekly,  in  the  basement  Avhere  an  additional  gas-plate 
heater,  under  a  clothes  boiler,  and  the  escape  of  some  steam  and 
moisture  from  clothing  hung  up  to  dry,  played  a  certain  small  part 
in  improving  humidity  conditions.  In  a  lesser  way,  some  types  of 
cooking  in  the  kitchen  produced  some  humidity.  As,  however,  but 
few  quarts  of  water  at  the  most  were  evaporated  by  these  means, 
such  influences  were  not  of  much  importance. 

13.  To  increase  Air  Movement  an  8-in.  Westinghouse  electric 
fan  of  the  ordinary  type,  driven  at  the  medium  of  its  three  available 
speeds,  was  placed  in  the  basement  intake  io  the  furnace  and  kept 
running  for  periods  of  from  2  to  G  hours  previous  to  making  read- 
ings. As  noted  by  the  rush  of  air  out  of  the  registers,  this  very 
materially  improved  the  circulation  of  the  air  throughout  the  house. 
No  attempts  were  made  to  estimate  air  velocity,  air  displacement  or 
air  direction  in  various  rooms, — the  variations  in  these  factors 
being,  of  course,  great,  but  these  factors  were  no  different  than  in 
all  inhabited  quarters,  where  they  are  necessarily  controlled  suffi- 
ciently to  insure  more  or  less  comfort. 

14.  A  Herr^  Humidifying  Apparatus  was  installed  according  to 
the  directions  accompanying  it,  in  an  opening  near  the  top  of  the 
furnace-housing  (in  the  slanting  portion)  so  that  the  water  spray 
continually  played  on  top  of  the  dome  of  the  firebox  within.  This 
device  works  on  the  atomizer  principle,  although  in  order  to  ^^ti 
sufficient  water  into  the  air  with  the  city  water  pressure  available 
(^\  to  2o  lb.),  it  Avas  often  necessarv  to  have  the  particles  of  rather 
larger  size,  on  the  average,  than  could  be  called  "fog.'"-  Except  for 
certain  experimental  purposes,  the  device  was  kept  going  for  at 
least  a  half-day  period  before  readings  were  made  in  the  rooms 


iDr.   B.   F.   Herr.   Millersvilk-.  Pennsylvania. 

-So  far  as  could  be  seen,  this  proved  no  detriment  provided  evaporation  took  place, 
which  in  turn  depended  mainly  upon  the  heat  in  the  furnace  fa  "cool"  furnace-box 
failing  to  evax^>orate  the  water  particles,  in  which  case  a  little  stream  soon  collected 
at  the  l>ase  of  the  furnace  and  ran  across  the  floor).  Occasionally,  also,  the  little  fine 
stream  got  out  of  control  and  failed  to  be  broken  up  by  the  pointer,  in  which  case  it 
shot  over  the  top  of  the  firebox,  striking  the  inside  of  the  opposite  furnace  housing, 
where,   nevertheless,   it   was   found   to  be  fairly   well   evaporated. 
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above,  and  on  some  runs  it  was  in  continuous  operation  for  48  hours 
at  a  time.  The  amount  of  water  suppheci  by  the  device  was  within 
easy  control  of  the  experimenter.  In  the  early  experiments  it  was 
found  that  not  enough  water  was  being  used  and  hence  humidilica- 
tion  effects  were  only  slight  or  nil. 

15.  The  Drying  Surfaces  of  the  house  were  those  ordinarily 
present,  such  as  rugs,  varnished  furniture,  clothing,  wall  paper 
and  varnished  woodwork — all  of  which,  as  is  w^ell  known,  have  a 
most  remarkable  capacity  for  absorbing  moisture,  at  least  in  the 
first  few  days  of  artificial  humidification  attempts.  When  all  of 
these  have  reached  a  condition  of  moisture  saturation  in  general 
keeping  with  that  of  the  air,  these  factors  practically  cease  to  be 
of  importance  as  atmospheric  dehydrating  agents. 

16.  Auxiliary  heating  by  Natural  Gas  appliances  was  used  quite 
extensively  because  of  the  severity  of  the  weather  and  the  shortage 
of  coal,  and  it  early  became  apparent  that  the  burning  of  natural 
gas  in  a  room,  in  itself,  had  a  marked  influence  on  humidity  rela- 
tions, its  use  being  invariably  accompanied  by  a  concurrent  rise 
in  the  humidity  readings.  Therefore,  so  far  as  the  efficiency  of  the 
humidifying  device  was  concerned,  only  such  readings  were  taken 
as  were  made  when  a  minimum  amount  of,  or  no,  gas-heating  accom- 
panied them. 

SUMMARY  OF  DEVICES  USED 

It  will  be  seen  that  the  total  number  of  devices  used  in  these 
air-conditioning  experiments  in  the  abode  in  question  (in  addition 
to  the  building  construction  with  the  amounts  of  insulation  and  air 
leakage  indicated)  were  (1)  an  ordinary  hot-air  furnace,  coal 
heated;  (2)  gas-grates,  gas-stoves,  and  one  overhead  gas-heating 
plate — all  burning  natural  gas;  (3)  standardized  thermometers,  one 
hung  in  each  room;  (4)  an  8-in.  ordinary  electric  fan  placed  in 
the  basement  opening  of  the  cool-air  inlet  at  the  side  of  the  base 
of  the  furnace;  (5)  a  Herr  humidifying  apparatus  connected  to 
the  water  supply;  (6)  a  pan  to  catch  the  overflow  from  the  humidi- 
fying apparatus;  (7)  the  city  water  supply,  which  ranged  between 
14  and  25  lb.  pressure,  as  gauged  in  the  basement;  and  (8)  a 
pocket  sling  psychrometer  with  accompanying  psychrometric  chart 
and  some  distilled  water  (placed  in  covered  tumblers  in  each  room 
for  moistening  the  wet-bulb  thermometer).  Other  essentials  in 
conducting  the  experiments  were :  observations  as  to  weather  condi- 
tions, including  official  local  reports  corresponding  to  the  hours 
when  the  home  readings  were  made,  notations  as  to  the  number  of 
persons  ])resent,  and  the  presence  or  absence  of  temporary  disturb- 
ing factors  such  as  laundry  work,  extra  cooking  emitting  moisture, 
etc. 

SU.MMARY    OF    EXPERIMENTAL    FINDINGS 

The  tables  with  the  accompanying  summaries  for  each  show  the 
results  of  the  experiments  made  (Tables  1  to  5). 
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OBSERVATIONS  AND  DEDUCTIONS 

1.  The  "comfortable  living  room"  atmosphere  may  be  defined  as 
one  in  which  there  is  (Ij  a  barely  perceptible  circulation  of  the  air, 
yet  without  draft;  (2)  temperature  not  depressingly  high  nor  un- 
comfortably low,  with  heat  more  or  less  evenly  dittused  throughout 
the  room;  (3j  a  degree  of  humidity  which  is  neither  high  enough 
to  be  depressmg  nor  low  (dry)  enough  to  be  irritating;  (4)  the 
absence  of  obnoxious  gases,  as  those  escaping  from  stoves  or  grates 
and,  obviously,  dust,  smoke  or  disagreeable  odors.  We  may  stand- 
ardize the  principal  items  in  the  above,  and  thus  be  more  certain 
of  a  "healthful"  as  well  as  a  "comfortable"  atmosphere :  The  air 
should  move  at  a  velocity  of  about  1  ft.  per  second;  its  movement 
should  be  varied  in  direction ;  and  it  need  not  be  over  G8  deg.  f  ahr. 
in  temperature,  provided  the  degree  of  saturation  with  water  vapor 
amounts  to  about  40  to  50  per  cent. 

2.  In  air-conditioning  buildings  such  as  residences,  the  chief 
problems  to  be  considered  and  controlled  are:  (1)  Movement  of  the 
mass  of  air  to  overcome  stagnation  and  stratification  (indirect  heat- 
ing, as  by  the  hot-air  furnace,  easily  accomplishes  this,  while  great 
improvement  can  be  observed  by  the  added  tise  of  the  electric  fan)  ; 
(2)  Prevention  or  control  of  heat  loss  from  the  building  through 
the  two  chief  sources  (a)  by  direct  filtration  of  heated  air  outward 
and  ingress  of  cold  air  into  the  building;  these  air  changes  take 
place  rapidly  about  doors,  windows,  baseboards,  floors,  and  espe- 
cially chimney  flue  openings;  (b)  direct  conduction  of  heat  through 
walls,  wandow  panes  and  floors ;  these  are  usually  sufficiently  insu- 
lated against  by  proper  building  construction,  which  includes  inter- 
vening "dead"  air  spaces.  (3)  Loss  of  water  vapor  which  may 
have  been  added  to  the  air  for  bringing  up  the  humidity  require- 
ment. It  will  be  seen,  therefore,  that  the  question  reduces  itself 
practically  into  one  of  heat  and  humidity  control,  part  of  which  is 
accompHshed  by  correct  building  construction  and  the  balance  of 
which  may  be  secured  by  the  usual  type  of  hot-air  furnace  and  a 
humidifying  device. 

3.  Unless  double  window's  are  used  and  outer  w^alls  are  effi- 
ciently insulated,  there  will  be  an  accumulation  of  moisture  on  the 
room-side  of  these  otherwise  cold  surfaces.  Surfaces  of  the  in- 
terior of  rooms  must  approach  in  temperature  that  of  the  room 
atmosphere  or  moisture  deposits  may  occur.  In  the  residence  de- 
scribed, window  panes,  only,  became  steamed  or  frosted.  Unques- 
tionably, double  windows  would  have  avoided  this.  However,  there 
is  no  evidence  that  such  condensation  upon  windows  or  walls 
become  a  hazard  to  the  health  of  occupants. 

4.  It  was  found  that  a  small  electric  fan  (4-blade,  8-in.  diam- 
eter) turned  on  for  an  hour  or  so  three  times  a  day  was  sufficient 
to  "get  the  heat  out  of  the  furnace,"  and  along  with  it  any  added 
humidity. 

5.  When  outside  temperatures  mount  above  the  freezing  point 
(32  deg.  fahr.),  at  least  in  the  locality  in  which  these  experiments 
were  made,  it  does  not  appear  that  artificial  humidification  of  resi- 
dential atmospheres  is  necessary.     This  means,  therefore,  that,  on 
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the  wliuk',  the  seasuii  making  such  huniidilication  desirable  in  this 
part  ot  tlie  country  is  not  only  briefer  than  is  coniuHjnly  sui)pose(l, 
but  that  durnig  the  cold  season  many  da)s  occur  when  the  outside 
temperature  is  above  tiie  freezing  point.  W  uh  liie  persistence  of 
outside  temperature  below  the  freezing  point,  indirect  heating  meth- 
ods, such  as  the  hot-air  furnace,  produce  an  excessively  drying  ten- 
dency, or  "-dryingness"  of  the  air  which  should  be  corrected,  both 
on  account  ot  the  damage  to  furniture  and  decorations  as  well  as 
for  health  reasons. 

G.  Heating  of  rooms  by  naked  (natural;  gas  flames  (grates, 
stoves,  etc.),  results  in  an  amount  of  atmospheric  humidity  which 
is  apparently  sufficient  (4U  to  GO  per  cent  saturation).  It  was  not 
determined  whether  this  increased  humidity  comes  from  the  oxida- 
tion of  hydrogen  in  the  gas,  nor  whether  it  is  any  more  than  would 
result  from  the  presence  of  any  form  of  naked  hro  in  the  room. 

7.  Very  few  precision  instruments  are  needed  to  measure  the 
quality  of  a  healthful  atmosphere.  Some  of  these  the  householder 
may  do  away  with  and  rely  upon  "primary  sense  impression"  and 
"comfortable  room  temperature"  as  guides.  No  doubt  a  little 
increased  watchfulness,  or  increase  in  the  acuity  of  the  senses,  is 
necessary  and  may  be  cultivated. 

8.  The  eilectiveness  of  any  humidifying  device  is  a  very  relative 
matter.  iMuch  depends  upon  the  control  of  the  heat-loss  and  mois- 
ture-loss through  hltration  leaks,  direct  conduction  and  evaporation. 
It  is  conceivable  that  in  quarters  insulated  against  stich  losses,  any 
humidifying  device,  iu  time,  would  succeed  in  completely  saturating 
the  atmosphere  with  moisture.  Under  these  cpnditions,  for  exam- 
ple, the  moisture  which  a  mouse  exhales  with  each  breath  would  in 
time  humidify  to  saturation  a  large  auditorium.  Hence  the  ques- 
tion of  the  efificacy  of  humidifying  devices  api^ears  to  be:  IVIiat 
zvill  supply  enough  moisture  in  a  few  hours  time  to  bring  about  a 
relative  humidity  uf  from  40  to  60  per  cent  in  spite  of  the  chances 
for  losses  ivhich  exist  in  the  ordinary  place  of  residence?  As  the 
experimenter's  observations,  w^hich  correspond  with  those  of  others, 
are  to  the  effect  that  it  requires  from  a  few  to  20  or  more  gallons 
of  water  per  day  (depending  upon  the  temperature  of  the  air  to  be 
heated  and  its  rate  of  escape  from  the  building)  to  get  enough  water 
vapor  into  the  air,  it  is  obvious  that  some  continuously  operating 
device  Connected  with  the  water  supply  of  the  building  is  the  most 
practical  solution.  An  atomizing  device  can  be  made  to  accomplish 
this. 

y.  Observations  in  a  number  of  experiments  bore  out  the  state- 
ments of  others  that  when  relative  humidity  mounts  to  from  45  to 
60  per  cent,  'Voorn  comfort"  becomes  O.  K.  even  when  thermome- 
ters about  the  rooms  record  as  low  as  60  deg.  fahr.  While  this 
indicates  that  a  lower  temperature  than  is  customary  is  comfortable 
under  properly  humidified  air  conditions,  it  does  not  mean  that  any 
less  "heating,"  i.e.,  consumption  of  coal,  is  taking  place,  since  the 
heat  is  simply  being  used  at  the  furnace  to  evaporate  the  moisture 
which  comes  in  contact  with  the  heated  air  and  the  furnace  box. 
It  does,  however,  render  the  living  atmosphere  more  healthful  and 
comfortable  since  it  does  away  with  the  necessity  of  excessive  heat- 
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ing  (75  to  80  deg.  fahr.)  in  order  to  feel  comfortable  on  cold 
days.    The  cost  in  fuel  is  probably  about  the  same. 

10.  The  apparatus  needed  to  bring  about  "proper  air  conditions" 
by  the  householder  are  (1)  a  hot-air  furnace  of  ordinary  type  and 
an  arrangement  for  air  circulation  in  the  rooms  and  back  to  the 
furnace  (this  return  being  accomplished  either  by  registers  between 
floors  or  by  loose  door  and  floor  constructions,  or  by  leaving  stair- 
way doors  ajar)  ;  (2)  a  humidifying  device,  costing  about  $25.00, 
with  from  $3.00  to  $5.00  additional  cost  for  its  installation,  the 
same  to  be  connected  to  the  hot-air  furnace;  (3)  a  small  portable 
electric  fan,  costing  about  $10.00 — the  same  one  used  in  the  summer 
season  for  cooling  and  ventilation;  (4)  a  couple  of  thermometers 
costing  about  $1.00  each;  and  (5)  a  hygrometer  or  psychrometer, 
costing  from  $4.00  to  $10.00.  The  cost  of  the  amount  of  water 
used  is  insignificant,  while  the  cost  of  electricity  amounts  to  a  few 
cents  a  day  at  the  most  (the  use  of  the  fan  for  4  to  6  hours).  The 
time  necessary  for  regulating  the  humidifier  and  the  fan  should  be 
made  to  correspond  with  that  of  tending  to  the  furnace,  at  which 
place  all  three  are  under  control. 

While  no  new  discoveries  have  been  made  as  the  result  of  these 
experiments,  particularly  insofar  as  the  sanitarian  and  ventilating 
engineer  is  concerned,  it  is  hoped  that  they  may  serve  to  stimulate 
others  in  the  attempt  to  perfect  "air-conditioning  of  the  household" 
and  put  it  on  a  practical  basis  for  the  average  dweller. 
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DISCUSSION 

Perky  West  :  I  think  the  author  has  been  very  conservative  in 
saying  that  the  cost  of  fuel  will  be  the  same  for  humidification  with 
a  lower  temperature  as  for  no  humidification  with  a  higher  tempera- 
ture. It  seems  to  me,  it  will  be  a  little  less.  Taking  wintertime, 
our  average  temperature  is  35  to  40  deg. — and  heating  10  deg.  more 
would  require  about  30  per  cent  more  coal,  while  it  only  requires 
about  15  per  cent  more  coal  to  humidify  to  the  extent  required  in  a 
residence.  I  have  always  figured  there  would  be  about  15  per  cent 
saving  in  the  case  of  a  residence.  That  does  not  apply  in  the  case 
of  a  mechanical  ventilation  system  where  the  air  is  changed  rapidly, 
but  where  there  is  no  mechanical  ventilation,  there  is  at  least  15 
per  cent  saving  in  the  fuel  with  humidification. 

A.  S.  Armagnac  :  There  is  one  point  here  where  the  author 
states :  "As  the  experimenter's  observations,  which  correspond  with 
those  of  others,  are  to  the  effect  that  it  requires  from  a  few  to  20 
or  more  gal.  of  water  per  day  (depending  upon  the  temperature  of 
the  air  to  be  heated  and  its  rate  of  escape  from  the  building)  to 
get  enough  water  vapor  into  the  air,  it  is  obvious  that  some  con- 
tinuously-operating device  connected  with  the  water  supply  of  the 
building  is  the  most  practical  solution.  An  atomizing  device  can 
be  made  to  accomplish  this." 

There  are  a  number  of  humidifying  devices  on  the  market  which, 
it  is  claimed,  will  properly  humidify  a  house  but  it  is  not  stated  how 
much  moisture  is  actually  evaporated.  One  manufacturer  told  me 
he  had  no  accurate  figures  concerning  it,  but  he  did  say  that  any 
humidifying  device,  such  as  that  installed  above  the  dome  of  a 
warm-air  furnace,  is  likely  to  give  more  humidity  than  is  wanted, 
unless  it  is  controlled.  It  is  very  important  to  have  it  regulated  or 
moisture  will  accumulate  on  the  walls  and  windows. 

Most  manufacturers  will  claim  that  their  de.vices  are  large  enough 
to  properly  humidify  the  house,  yet  we  have  in  this  paper  the 
statement  that  some  20  gal.  are  required  per  day.  Very  few  devices 
of  the  ordinary  kind  are  capable  of  supplying  that  amount. 
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AIR  WASHING  AND  HUMIDIFICATION  FOR 
SCHOOL  BUILDINGS 

By   Perry   West,   Newark,   N.  J. 
Member 

THIS  subject  is  one  of  vital  importance  to  our  school  systems, 
and  one  in  which  we  should  all  be  intensely  interested.  It  is 
very  essential  that  the  general  question  of  proper  air  con- 
ditioning in  our  schools  may  be  so  conclusively  settled  that  the  result 
will  be  acceptable,  w^ithout  question,  to  every  one.  I  know  of  no 
greater  service  which  the  Society  can  render,  than  that  of  assisting 
by  a  proper  discussion  of  this  subject,  in  defining  what  consti- 
tutes the  means  by  which  this  may  be  accomplished. 

The  questions  that  are  immediately  before  us  are:  A.  What  are 
the  necessities  for  air  washing  and  humidilication  in  our  schools? 
B.  To  what  degree  do  commercial  air  washers  and  humidifiers 
meet  these  necessities?  C.  What  is  the  cost  of  air  washing  and 
humidification  ? 

The  necessities  for  air  washing  and  humidification  in  connection 
with  a  ventilation  system  are : 

First.     To  supply  the  proper  degree  of  relative  humidity  to  mechani- 
cally ventilated  spaces ; 
Second.     To  cleanse  the   incoming  air   of  dust  particles,  bacteria, 

gases,  acid  fumes,  etc. ; 
Third.     To  dissipate  electrostatic  charges,  so  as  to  reduce  nervous 
irritation  and  facilitate  the  precipitation  of  indoor  dust,  which 
does  not  come  in  with  the  air  of  ventilation. 
Regarding  the  first  of  these  necessities,  i.e.,  the  supply  of   the 
proper  degree  of  humidity,  it  is  a  well  established  fact,  as  has  been 
shown  by  the  Chicago  Ventilating  Commission  working  on  this  suIj- 
ject    for   about   ten    years,   the    New    York    State    Commission    on 
V^entilation  working  on  it   for  over  five  years,  and  a  great  many 
doctors,    physiologists    and    other    scientific   investigators,    that    for 
every  degree  of  temperature  and  velocity  of  air  motion,  there  is  a 
proper  degree  of   relative   humidity. 

It  is  also  a  well  established  fact  that  a  greater  or  less  degree  of 
humidity  causes  irritation  and  discomfiture,  either  from  a  sensation 
of  cold,  or  from  a  nervous  irritation,  due  to  the  rate  of  evapora- 
tion from  the  respiratory  tissues  and  the  skin.  This  is  more  readily 
understood  by  careful  consideration  of  the  following  physiological 
phenomena. 
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The  human  body  is  an  isothermal  machine,  always  generating 
heat,  but  never  varying  in  temperature  under  normal  conditions 
more  than  one  degree  above  or  below  the  normal.  This  generated 
heat  must  be  dissipated  at  a  proper  and  even  rate,  in  order  to  main- 
tain this  heat  balance ;  a  too  rapid  dissipation  produces  a  sensation 
of  chilliness  and  a  retarded  dissipation  produces  a  sensation  of 
nervous  irritation  and  enervation.  The  dissipation  of  this  heat 
takes  place  by  radiation,  by  convection  and  by  evaporation.  While 
the  relative  humidity  of  the  surrounding  atmosphere  has  little  bear- 
ing upon  the  rates  of  radiation  and  convection,  it  has  a  very  marked 
bearing  upon  the  rate  of  evaporation.  Since,  with  the  other  two 
factors  constant,  the  drier  the  air  the  more  rapid  the  rate  of  heat 
loss  from  the  body  by  evaporation,  and  with  the  other  two  factors 
constant,  the  warmer  the  air  the  less  rapid  the  rate  of  heat  loss 
from  the  body  by  radiation  and  convection,  it  is  <^-vident  that  as  the 
degree  of  relative  humidity  of  the  surrounding  air  is  increased,  its 
temperature  must  be  decreased  and  as  its  temperature  is  increased, 
its  degree  of  relative  humidity  must  be  decreased,  in  order  to  keep 
the  heat  balance  stable. 

It  is  also  a  well  established  fact  that  with  all  of  these  factors 
constant,  the  higher  the  velocity  of  air  motion,  the  greater  the  rate 
of  heat  loss,  and  vice  versa. 

It  is  evident,  therefore,  that  for  every  change  in  relative  humidity, 
we  must  make  corresponding  changes  in  air  temperature,  in  air 
motion,  or  in  both,  if  the  proper  air  conditions  are  to  be  preserved. 
Since  we  have  no  practical  means  of  automatically  correlating  these 
factors,  except  by  keeping  all  of  them  constant,  we  must  maintain 
a  constant  degree  of  relative  humidity. 

All  that  has  been  said  regarding  this  particular  necessity  for  air 
washing  and  humidification,  has  to  do  with  the  comfort  of  the 
children  and  includes  freedom  from  nervous  irritation,  chilliness, 
and  enervation. 

To  refer  a  little  mote  particularly  to  this  matter  of  enervation, 
it  has  been  conclusively  proven  by  the  New  York  State  Commission 
on  Ventilation  that  the  enervating  effect  of  78  deg.  as  compared 
with  68  deg.  for  the  air  surrounding  pupils  in  a  class  room  amounts 
to  at  least  35  per  cent  of  the  subjects'  inclination  for  work;  in 
other  words,  the  10  deg.  which  it  is  possible  to  reduce  the  tem- 
perature of  comfort  during  winter  months  by  the  addition  of  the 
proper  degree  of  humidity  to  the  air,  increases  the  capacity  of  chil- 
dren for  work  about  35  per  cent.  As  to  the  elimination  of  chilli- 
ness and  nervous  irritation,  I  think  we  can  all  agree  that  this  has  a 
most  pronounced  effect  on  the  health  and  welfare  of  the  children 
in  a  class  room. 

Considering  these  three  factors  only,  and  disregarding  for  the 
mom.ent  manv  others  of  which  we  will  sj^eak  later,  I  think  we  can 
readily  see  that  the  idea  of  air  washing  and  humidification  is  the  one 
thing  to  differentiate  modern  from  obsolete  ventilation  and  to  clear 
us  of  this  "canned  air"  stigma  under  which  we  are  all  laboring. 

With  regard  to  the  numerical  measure  of  the  necessity  for  humidi- 
fication, on  a  zero  day  with  an  average  of  50  per  cent  relative 
humidity  outside,  the  air  contains  about  ^  grain  of  moisture  per 
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cubic  foot.  This  air  would  require  to  be  heated  to  a  temperature 
of  about  85  deg.,  and  would  have  a  relative  humidity  of  2  per  cent 
in  order  to  be  made  comfortable.  This  does  not  mean,  however, 
that  this  air  would  not  be  very  enervating  at  this  high  temperature. 

Taking  our  average  weather  conditions  for  the  months  of  Decem- 
ber, January,  February  and  March,  the  average  outdoor  tempera- 
ture is  about  35  deg.,  and  the  average  relative  humidity  about  60 
per  cent.  Each  cubic  foot  of  air  under  these  conditions  contains 
about  2J%  grains  of  moisture  and  would  require  to  be  heated  to  80 
deg.,  and  have  a  relative  humidity  of  23  per  cent  in  order  to  be 
made  comfortable.  Here  again  we  have  a  temperature  which  is 
entirely  too  high  and  very  devitalizing  but  which  is  made  necessary 
for  comfort  on  account  of  the  low  relative  humidity  of  the 
atmosphere. 

In  either  case  the  ideal  condition  would  be  about  67  deg.  tem- 
perature and  50  per  cent  relative  humidity. 

In  addition  to  these  necessities  for  air  washing  and  humidifica- 
tion  for  preserving  the  equilibrium  of  comfortable  conditions,  we 
have  the  further  and  perhaps  more  important  necessity  connected 
with  the  prevention  and  alleviation  of  respiratory  diseases. 

In  connection  with  this  subject,  I  wish  to  refer  to  data  collected 
and  presented  to  the  School  Board  of  Newark,  N.  J.,  by  the  supervis- 
ing engineer  and  the  superintendent  of  schools  in  the  spring  of  1917 ; 
also  to  a  number  of  quotations  from  eminent  doctors,  physiologists 
and  other  professional  men.  In  the  supervising  engineer's  report 
there  are  quotations  from  Dr.  Henry  Mitchell  Smith,  Prof.  Winslow 
(Associate  Professor  of  Biology,  College  of  the  City  of  New  York, 
Curator  of  Public  Health,  American  Museum  of  Natural  History, 
and  Chairman  of  the  New  York  State  Commission  on  Ventilation), 
Prof.  Theo.  Hugh  of  the  University  of  Virginia,  Dr.  Wm.  Wilson  ot 
the  U.  S.  Weather  Bureau,  Prof.  Wm.  E.  Watt,  Principal  of 
Graham  Public  School,  Chicago,  111.,  Dr.  W.  A.  Evans,  former 
Health  Commissioner  of  Chicago,  and  Drs.  C.  H.  Starkey  and  H.  T. 
Pond  of  McGill  University,  Montreal,  in  which  all  of  these  eminent 
authorities  state  that  the  lack  of  the  proper  degree  of  relative 
humidity  in  the  air  of  ventilated  rooms  is  the  one  important  thing 
which  causes  it  to  be  nauseating  and  unhealthful. 

In  reports  from  1]  of  our  school  principals  in  Newark,  3  of 
them  state  that  they  can  give  no  valuable  opinion  on  account  of  the 
apparatus  not  having  been  operated  long  enough  or  continuously 
enough  to  base  an  intelligent  opinion  upon ;  2  of  the  principals 
state  that  it  is  their  opinion  from  general  observations  that  the  ap- 
paratus is  a  good  thing;  3  of  the  principals  state  that  it  is  their 
opinion,  either  from  the  amount  of  mud  and  dirt  taken  from  the 
apparatus,  or  from  the  difference  in  the  feeling  of  air  conditions,  that 
the  apparatus  is  a  good  and  proper  installation ;  2  of  the  principals 
state  that  they  were  unable  after  careful  observations  to  detect  any 
beneficial  results,  but  it  should  be  noted  that  both  of  these  prin- 
cipals carry  comparatively  low  temperatures  in  their  class  rooms 
and  in  one  case  a  temperature  as  lo.w  as  62  deg.  is  carried  through- 
out the  winter.  One  principal  states  that  he  considers  window  ventila- 
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tion  preferable  to  any  kind  of  mechanical  ventilation,  this  opinion 
being  based  upon  the  opinion  of  our  Department  of  Medical  In- 
spection. 

The  following  statements  are  made  in  a  report  from  a  Committee 
of  the  Technical  Instructors  in  the  Central  High  School  (Newark, 
N.  J.),  based  upon  a  long  series  of  tests  conducted  by  them  in  this 
institution : 

During  the  month  of  February,  the  average  temperature  in  Newark  was 
38  deg.,  the  average  relative  humidity  61  per  cent.  Heat  this  air  to  70  deg., 
its  humidity  will  be  15  per  cent.  During  the  eight  weeks  from  December 
10th  to  February  8th,  there  were  just  three  days  when  there  was  sufficient 
moisture  in  the  atmosphere  to  produce  in  our  class  rooms  a  degree  of 
humidity  greater  than  30  per  cent,  which  is  that  of  the  Desert  of  Sahara. 
Actual  class  room  tests  made  on  various  days  from  January  12th  to  February 
13th  show  percentages  of  humidity  varying  from  8  to  20  per  cent  and  in  no 
case  was  this  measured  humidity  different  by  more  than  2  per  cent  from 
the  calculated  humidity  determined  from  the  known  temperature  and  the 
humidity  of  the  outside  air.  On  January  18th,  a  questionnaire  was  sent 
to  each  of  the  teachers,  replies  being  received  from  54  teachers.  Three  teachers 
reported  no  marked  effects,  but  over  a  score  reported  throat  irritation, 
while  there  were  also  numerous  reports  of  headaches,  colds,  lowered 
resistance  to  diseases,  eye  strain,  chronic  conjunctivitis,  catarrhal  trouble 
and  indigestion.  Many  teachers  reported  that  the  work  was  more  fatiguing 
than  usual,  the  atmosphere  stifling,  oppressive  and  enervating ;  that  they 
lost  vim  and  vigor,  became  mentally  loggy,  disspirited  and  were  unable 
to  concentrate  on  their  work ;  the  pupils  were  more  dull  and  sluggish, 
inactive,  noisy,  disinclined  to  study,  complained  that  they  could  not  work ; 
hand  work  was  poor,  discipline  more  difficult  and  cases  of  unusual  stub- 
bornness developed.  Pupils  also  begged  to  have  the  windows  opened  and  fre- 
quently asked  permission  to  leave  the  room  for  a  drink  of  water. 

All  of  this  was  with  mechanical  ventilation  without  humidifica- 
tion  as  compared  with  open  window  ventilation. 

In  a  report  from  Mr.  Wm.  E.  Watt,  ventilating  engineer  of 
Chicago,  who  was  formerly  principal  of  the  Graham  High  School, 
the  air  washing  and  humidifying  apparatus  in  the  Chicago  Post- 
office  and  in  many  school  buildings  is  condemned.  Yet  it  is  a  well 
known  fact  that  Mr.  Watt  is  a  strong  advocate  of  humidification. 
He  has  a  system  of  his  own,  which  he  believes  is  far  superior  to 
any  other,  and  seems  ready  to  condemn  almost  all  other  systems. 

A  quotation  from  Prof.  Fred  Bass  of  the  University  of  Minne- 
sota states  that  humidification  is  of  considerable  importance  from 
a  standpoint  of  comfort  and  possibly  from  hygienic  environments, 
but  goes  on  to  say  that  he  has  not  observed  any  practical  effect 
on  the  health  of  pupils,  due  to  the  presence  or  absence  of  ventilation 
or  washing  devices.  This  tends  to  show,  to  my  mind,  that  Prof. 
Bass,  like  a  great  many  other  educators,  believes  in  proper  air 
conditioning,  but  has  not  made  the  proper  study  and  use  of  it. 

The  quotation  from  Prof.  Whipple  of  Harvard  College,  simply 
goes  to  show  that  some  air  washers  are  not  efficient  in  the  removal 
of  dust  and  bacteria,  and  that,  therefore,  these  kinds  of  apparatus 
should  not  be  used. 

A  quotation  from  Mr.  D.  D.  Kimball,  Past-President  of  the 
Aateric.\n  Society  of  He.\ttng  \xn  VENTiL.ATiNr.  Engineers, 
and   member  of  the  New  York  State  Commission  on  Ventilation, 
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contains  a  statement  that  the  use  of  the  air  washer  increases  the 
efficiency  of  the  ventilating  plant  by  not  less  than  25  per  cent. 

The  superintendent  of  schools  refers  to  a  sample  of  water  taken 
from  one  of  our  air  washer  plants  as  giving  conclusive  evidence  of 
the  efficiency  of  the  air  washer  as  a  dirt  removing  agency.  He  goes 
on  to  state  that  up  to  the  time  of  his  report  no  very  conclusive  evi- 
dence had  been  brought  to  bear  upon  the  subject  of  humidification  as 
an  agent  of  health,  but  since  that  time,  as  will  be  noted  from  the  fol- 
lowing reports,  quite  a  volume  of  evidence  has  been  brought  to 
bear  upon  this  subject.  He  then  concludes  his  report  by  saying 
that  the  apparent  need  of  artificial  humidification  grows  out  of  the 
use  of  forced  ventilation,  and  that  it  is  his  opinion,  therefore,  that 
wherever  forced  ventilation  is  used,  one  of  the  many  methods  of 
humidification  should  be  applied. 

The  summary  and  conclusions  contained  in  the  latest  report  of 
the  New  York  State  Commission  on  Ventilation  contains  the 
following : 

The  power  to  do  either  mental  or  phj-sical  work  measured  by  the  quan- 
tity and  quality  of  the  product  by  subjects  doing  their  utmost  is  not  at  all 
diminished  b}'  room  temperatures  of  68  deg.,  with  10  per  cent,  relative 
humidity;  on  the  other  hand,  the  inclination  to  do  physical  work  and  the 
inclination  to  do  mental  work  are  diminished  by  these  high  room  tempera- 
tures; so  far  as  doing  physical  work  is  concerned,  our  tests  show  a  decrease 
in  actual  work  performed  when  the  subject  had  a  choice  between  working 
and  not  working,  of  15  per  cent,  at  75  deg.,  and  36  per  cent,  at  86  deg.  as 
compared  in  each  case  with  68  deg.  These  experiments  seem  to  indicate 
that  overheated  rooms  are  not  only  uncomfortable,  but  produce  well  marked 
effects  upon  the  heat  regulating  and  circulatory  system  of  the  body  and 
naturally  reduce  the  inclination  of  occupants  to  do  physical  work.  Most 
important  effects  of  bad  air  are  due  t'^  its  hiah  temperature  and  the  effects 
of  even  a  slighth'  elevated  room  temperature,  such  as  75  deg.  are  sufficiently 
clear  and  important  to  warrant  careful  precautions  against  overheating. 

The  first  sentence  of  this  c[UOtation  will  be  very  misleading,  unless 
carefully  analyzed  and  properly  interpreted.  The  meaning  of  this 
wording,  to  my  mind,  is  that  if  driven  to  it,  a  pupil  can  do  as  much 
work  in  an  overheated  room  as  in  a  room  at  the  proper  tempera- 
ture. Just  the  same  as  an  ill  person  in  bed  might  be  driven  to 
heroic  exertions  if  his  house  were  on  fire.  In  a  greater  number 
of  cases  the  sick  person  would  be  driven  to  do  perhaps  as  much  work 
as  a  weir  ]:)erson,  but  the  results  in  the  end  might  be  very  dis- 
astrous. In  the  same  way  pupils  who  are  driven  to  do  as  much 
work  in  improperly  conditioned  air  as  the>-  could  do  in  properly 
conditioned  air,  suffer  the  consequence  in  the  long  run. 

Prof.  Frederick  S.  Lee.  who  has  had  charge  of  the  special  physio- 
logical studies  for  the  New  York  State  Commission  on  Ventilation, 
states  in  a  ])aper  published  under  the  joint  authorship  of  F.  S.  Lee 
and  F.  L.  Scott  frcjm  the  Department  of  Physiology  of  Columbia 
University,  that  it  is  a  fact  of  common  experience  that  a  human 
being  in  a  hot  and  humid  atmosphere  feels  a  disinclination  to  per- 
form muscular  work;  that  the  observation  of  miners  working  in 
hot  moist  air  shows  that  the  power  of  doing  work  under  these 
circumstances  is  quite  small.  This  [)ublication  then  goes  on  to  refer 
to  experiments  made  on  animals  by  Drs.  Lee  and  Scott  in  the  inter- 
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ests  of  pursuing  further  the  investigation  started  by  the  New  York 
State  Commission  on  Ventilation. 

The  conclusion  drawn  from  these  experiments  was  that  the  total 
work  of  the  muscles  of  cats  is  reduced  about  25  per  cent  by  an 
atmospheric  temperature  of  91  deg.  and  a  relative  humidity  of  90 
per  cent,  as  compared  with  a  temperature  of  69  deg.  and  a  relative 
humidity  of  53  per  cent. 

In  a  paper  read  before  the  American  Pediatric  Society  in  Wash- 
ington, the  same  Dr.  F.  S.  Lee,  made  the  following  statements : 

In  these  days  we  hear  so  much  of  fresh  air  and  its  merits.  We  have 
fresh  air  funds,  fresh  air  schools  and  fresh  air  babies.  All  are  commendable 
but  while  giving  to  our  funds,  opening  our  schools,  and  putting  our  babies 
out  of  doors,  let  us  clearly  understand  what  constitutes  fresh  air.  The 
freshness  of  so-called  'fresh  air'  lies  not  in  more  oxygen,  less  carbon  dioxide, 
less  organic  matter  of  respiratory  origin,  or  the  hypothetical  performance 
of  a  hypothetically  stimulating  ozone,  but  rather  in  a  low  temperature,  a  low 
humidity  and  motion.  So  far  as  fresh  air  is  concerned  there  seems  to  be 
nathing  more  mysterious  about  it  than  this. 

Dr.  Gerhard  H.  Cox  of  New  York  in  a  paper  entitled  "Experi- 
mental Studies  of  the  Efifect  of  Various  Atmospheric  Conditions 
upon  the  Upper  Respiratory  Tract,"  conducted  under  the  auspices 
of  the  New  York  State  Commission  on  Ventilation,  makes  the 
following  statement : 

Ten  subjects  with  noses  selected  as  normal,  and  ten  subjects  selected  with 
noses  alMiormal,  in  passing  from  a  normal  room  at  68  deg.  temperature  and 
50  per  cent  relative  humidity  to  a  hot  dry  room,  80  to  86  deg.  temperature 
and  20  to  30  per  cent  relative  humidity,  showed  the  following  reactions : 

Eleven  cases  showed  a  swelling  of  the  inferior  turbinates,  six  cases 
showed  decreasing  moisture  of  the  membranes ;  five  cases  showed  increased 
moisture  of  the  memfcranes ;  eight  cases  showed  increased  redness  of  the 
membranes,  three  cases  showed  reduction  in  the  size  of  the  inferior  tur- 
binates, one  case  showed  no  change.  The  changes  were  observed  to  take 
place  between  5  and  60  minutes  after  entering  a  hot  dry  room. 

Dr.  James  Alexander  Miller  of  New  York,  in  a  paper  entitled 
"Some  Physiological  Effects  of  Various  Atmospheric  Conditions 
based  upon  Experiments  with  Out-of-Door  air  in  Various  Climates" 
by  Ellsworth  Huntington,  draws  the  following  conclusions : 

There  exists  a  regular  seasonal  variation  in  physical  efficiency  which  in 
this  climate  is  shown  iby  two  maximum  waves ;  one  occurring  in  the  spring 
and  the  other  in  the  autumn,  with  a  corresponding  depression  in  mid-winter 
and  mid-summer.  The  main  factor  in  these  seasonal  variations  is  tempera- 
ture. The  percentage  of  sunshine  and  relative  humidity  are  minor  factors 
of  relatively  slight  importance.  Extremes  of  temperature,  whether  high  or 
low,  are  detrimental  and  there  exists  an  optimum  temperature  for  physical 
efficiency  w'hich   Huntington's   statistics   show   to   be  60  deg. 

A  change  of  temperature,  if  not  too  great,  is  more  stimulating  to  working 
efficiency  than  uniformity  and  a  fall  of  temperature  has  more  effect  than  a 
rise.  A  fall  of  from  4  to  7  deg.  is  everywhere  stimulating.  Efficiency  is 
more  marked  at  the  end  of  a  storm  and  less  so  on  a  very  clear  day.  Each 
storm  with  its  clianging  skies  and  varying  humidities  and  slow  rise,  and 
rapid  fall  of  temperature  is  a  stimulant  and  raises  efficiency.  The  ideal 
climate  from  the  standpoint  of  efficiency  is  one  in  which  the  temperature 
range  is  between  38  i\eg.  and  65  deg.,  in  which  the  humidity  is  uniformly 
nei'thcr  very  high  nor  very  low,  and  in  which  there  occur  frequent  but 
moderate  variations  of  temperature  from  day  to  day,  interspersed  with  a 
considerable   number  of   cyclonic  storms. 
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It  will  be  noted  that  in  the  above,  considerable  stress  is  laid  upon 
the  stimulating  effects  of  storms.  As  pointed  out  elsewhere,  this 
stimulating  effect  is  no  doubt  due  largely  to  the  elimination  of 
static  electric  charges,  as  well  as  to  the  change  in  temperature  and 
humidity  referred  to. 

Dr.  Wolff"  Freudenthal,  an  eminent  French  physician,  in  a  paj)er 
read  before  the  Brooklyn  Medical  Association,  at  the  International 
Congress  of  Physicians,  makes  the  following  statements : 

In  our  rooms  there  is  positively  not  over-much  humidity,  but  on  the 
contrary,  too  little.  This  is  due  to  the  manner  in  which  our  houses  are 
heated.  The  relative  humidity  which  ought  to  have  a  minimum  of  40  per 
cent,  never  attains  that  lowest  normal  point.  The  influence  which  this 
abnormal  dry  air  has  on  the  mucous  membranes  of  the  nose,  throat,  etc., 
is  as   follows : 

It  has  been  proven  that  dry  air,  if  inhaled,  will  become  sat- 
urated in  the  nose  and  nasopharynx,  that  is  to  say,  the  drier 
the  air  we  inhale,  the  more  moisture  will  be  given  off  by  nose 
and  nasopharynx.  The  work  of  these  organs  will  be  so  much  greater 
with  every  particle  of  air  we  inhale.  How  long  the  mucous  membranes  of 
these  parts  will  be  able  to  furnish  the  necessary  water  supply,  will  only,  there- 
fore, be  a  question  of  time.  Consequently  we  will  sooner  or  later  reach  the 
point  where  the  mucous  membranes  of  these  parts  will  be  as  dry  as  a  well 
in  the  summer.  This  will  occur,  for  example,  in  very  cold  weather,  either 
temporarily  in  perfectly  healthy  persons,  or  permanently,  as  we  see  it  in  so 
many  thousands  of  cases  in  pathological  conditions.  Thus  a  dry  rhinitis 
develops  and  I  could  experimentally  produce  the  same  condition  in  any  one 
of  }'ou  under  like  surroundings.  As  most  of  us  are  exposed  to  this  exces- 
sivel}^  dry  atmosphere  for  the  greater  part  of  the  time,  it  is  evident  that  the 
lack  of  humidity  is  the  greatest  factor  in  producing  nasal  and  post-nasal 
catarrh  with  all  of  its  sequelae.  I  hope  you  will  be  convinced  from  the 
foregoing  remarks  that  dust  does  not  play  that  important  role  in  the 
etiology  of  catarrh  which  was  attributed  to  it  by  manj^  writers  thirt}-  years 
ago,  but  just  walk  down  our  avenues  on  a  windy  day,  and  j^ou  will  be 
convinced  that  it  has  a  very  pernicious  effect.  -Dust  plays  some  role  in 
producing  catarrhal  conditions  of  the  nose;  added  to  the  lack  of  humidity, 
it  becomes  an   important  etiological   factor. 

The  New  York  Board  of  Health  recently  issued  a  pamphlet  in 
which  the  following  statements  are  to  be  found  : 

In  the  closed-window  mechanicallj'-ventilated  type  of  class  rooms,  kept 
at  a  temperature  of  about  68  deg.,  the  rate  of  absence  from  respiratory  dis- 
eases was  32  per  cent  higher  than  in  the  open-window  naturallj'-ventilated 
type  of  class  room  kept  at  the  same  temperature,  and  about  40  per  cent 
higher  than  in  the  open-window  naturally-ventilated  tj-pe  of  class  room  kept 
at  a  temperature  of  about  50  deg.  In  other  words,  the  children  in  class 
rooms  with  closed  windows  and  ventilation  by  mechanical  methods  were 
more  subject  to  respiratory  diseases,  severe  enough  to  keep  them  from  school, 
than  were  the  children  who  were  in  class  rooms  kept  at  the  same  or  lower 
temperatures  and  ventilated  wholh*  by  open  windows.  The  relative  humidity 
of  class  rooms,  whether  ventilated  b\'  natural  or  mechanical  means,  was  not 
a  causative  factor  in  the  occurrence  of  respiratory  illness  among  school 
children. 

The  above  conclusions  were  drawn  from  a  survey  made  by  the 
Bureau  of  Child  Hygiene  in  the  City  of  New  York  in  1916.  oper- 
ating in  conjunction  wuth  the  New  York  State  Commission  on  Ven- 
tilation, in  which  5,533  pupils,  76  class  rooms  and  13  schools  were 
investigated  during  a  five  months'  period  in  the  late  fall,  winter  and 
early  spring. 

a'  careful  analysis  of  these  statements  without  further  data  shows, 
however,  that  they  mean  absolutely  nothing  so  far  as  a  comparison 
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of  proper  with  improper  air  conditions  arc  concerned.  In  the  tirst 
place  it  will  be  noted  that  class  rooms  with  mechanical  ventilation 
and  consequently  more  or  less  air  motion  are  supposed  to  be  com- 
pared with  those  of  the  same  temperature  having  open  window  ven- 
tilation and  presumably  less  air  motion.  In  this  comparison,  how- 
ever, the  detailed  report  shows  that  the  open  window  rooms  were 
kept  at  a  temperature  of  about  6G  deg.,  while  the  mechanically- 
ventilated  rooms  were  kept  at  about  70  deg. 

We  would  naturally  expect  poorer  results  from  the  mechanically 
ventilated  rooms  under  these  circumstances,  even  with  the  same 
degree  of  relative  humidity.  It  is  not  stated,  however,  as  to  whether 
or  not  the  same  degree  of  relative  humidity  was  carried,  and  if  no 
moisture  was  added  in  either  case,  the  mechanically  ventilated  room 
would  naturally  be  much  drier,  due  to  the  more  rapid  air  change 
and  less  opportunity  to  absorb  moisture  from  the  pupils. 

In  the  second  place,  open-window  rooms  at  50  deg.  are  compared 
with  mechanically  ventilated  rooms  at  68  deg.,  which  is  without 
question  a  futile  comparison,  as  either  type  of  room  would  nat- 
urally be  more  healthful  at  50  deg.  than  at  G8  deg. 

In  neither  case  is  the  temperature  of  the  incoming  fresh  air  to 
mechanically  ventilated  rooms  taken  into  consideration.  This  initial 
temperature  having  a  marked  influence  on  the  relative  humidity 
of  the  air  in  certain  parts  of  the  room  compared  with  the  average 
humidity  of  the  entire  room,  would  have  a  decided  bearing  upon 
the  comparative  results. 

Any  conclusions  based  upon  these  statements  are  without  proper 
foundation  and  if  the  conclusions  regarding  the  degree  of  humidity 
in  its  relation  to  respiratory  diseases  have  no  better  basis,  they  are 
not  only  worthless,  but  very  misleading. 

It  should  be  noted  also  in  connection  with  this  report  that  the 
latest  reports  of  the  New  York  State  Commission  on  Ventilation, 
in  collaboration  with  which  these  experiments  were  supposed  to 
have  been  made,  do  not  bear  out  the  conclusion  arrived  at  in  the 
report  of  the  Board  of  Health. 

Regarding  the  second  necessity  for  air  washing  and  humidifica- 
tion,  i.e.,  for  cleansing  the  incoming  air,  it  should  be  understood 
that  the  air  of  our  great  cities  today  contains  from  100,000  to 
1,500,000  dust  particles  per  cu.  ft.  of  air,  as  high  as  100  counts  of 
bacteria  and  varying  percentages  of  gases  from  automobiles,  acid 
fumes   from   factories,  etc. 

Dust,  as  we  all  know,  is  most  unhealthful,  both  on  account  of 
being  a  source  of  irritation  and  inflammation  of  the  lungs  and 
respiratory  tissues,  and  on  account  of  being  the  principal  carrier 
of  the  floating  bacteria  in  the  air.  Gases  are,  of  course,  both 
unhealthful  and  irritating,  according  to  their  nature  and  quantity. 

Regarding  the  third  necessity  for  air  washing  and  humidifica- 
tion,  i.e.,  for  the  dissipation  of  electrostatic  charges,  we  should 
realize  that  a  great  deal  of  the  irritating  and  enervating  effects 
of  improperly  conditioned  air  are  due  to  this  electrostatic  charge. 
Air  is  charged  with  static  electricity  in  a  great  many  ways  and  espe- 
cially is  warm  dr}^  air  usually  charged  to  a  greater  or  less  degree. 
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These  charges  are  generated  by  heat,  by  evaporation  and  by  fric- 
tion, etc.,  and  their  eft'ect  as  far  as  we  are  now  concerned,  is  that 
they  play  a  great  part  in  producing  that  irritating  and  depressing 
feeling  so  noticeable  just  before  a  heavy  thunder  storm,  also 
that  they  cause  dust  particles  to  repel  one  another  and  to  fly  about 
in  a  most  bumptious  manner,  instead  of  settling  to  the  floor.  All 
of  this  means  that  air  on  being  heated  and  forced  through  ducts, 
etc.,  becomes  charged,  with  the  result  that  it  is  irritating,  depress- 
ing and  a  disturber  of  chalk  and  other  dust  in  the  class  rooms. 

Having  considered  the  principal  necessities  for  the  cleansing  and 
humidifying  of  air  for  ventilation,  the  next  question  is — in  what 
measure  do  commercial  air  washing  and  humidifying  apparatus 
fulfill  these  requirements? 

First,  there  is  no  question  in  the  minds  of  those  familiar  with 
such  apparatus,  that  properly  designed  air  washers  and  humidifiers 
will  produce  and  maintain  any  desired  degree  of  humidity  within 
the  possible  range,  regardless  of  outside  atmospheric  conditions. 

Second,  as  to  the  removal  of  dust  and  bacteria,  we  have  a  number 
of  authentic  tests  which  demonstrate  that  a  proper  air  washer  will 
remove  from  50  to  98  per  cent,  depending  upon  the  fineness  of  the 
dust  and  its  nature.  For  ordinary  conditions  met  with  in  school 
house  ventilation,  I  think  that  we  are  safe  in  assuming  that  a 
proper  washer  will  remove  at  least  90  per  cent.  In  practical  tests 
in  the  Newark  schools,  we  have  removed  as  high  as  five  pails  of 
mud  from  a  single  air  washer  per  week.  Also  there  is  a  school  in 
Brooklyn,  N.  Y.,  where  they  also  remove  five  pails  of  mud  from 
a  single  air  washer  in  a  week's  time. 

Third,  as  to  the  removal  of  gases,  we.  of  course,  realize  that  a 
proper  air  washer  should  remove  the  greater  percentage  of  soluble 
gases.  There  is  the  case  of  the  Northwest  Grammar  School  in 
Philadelphia,  Pa.,  reported  by  the  Health  Officer  at  the  National 
Convention  of  School  Superintendents  at  Philadelphia,  191.S.  where 
a  sample  of  the  water  taken  from  the  air  washer  was  two-thirds  dirt 
and  carbon,  about  20  per  cent  oil.  and  a  laree  percentage  of  gaso- 
line. The  gasoline  was  found  to  burn  freely  when  a  match  was 
applied.  This  school  was  located  near  a  garage  from  which  the 
gases  found  their  way  into  the  fresh  air  intake. 

Fourth,  as  to  the  cost  of  air  washing  and  humidification,  take 
for  example,  a  school  designed  for  l-jOO  pupils,  requiring  45.000 
cu.  ft.  of  air  per  minute  :  the  cost  of  the  highest  grade  air  washer 
and  humidifier  would  be  about  $3,000.  The  operating  costs  of  this 
apparatus  for  continuous  service  during  the  four  months  of 
December.  January.  February  and  March,  which  will  equal  the 
total  time  that  any  ventilating  apparatus  should  be  operated  per 
season,  are  as  follows  : 

Interest  and  depreciation  on  the  investment  at   10  per  cent  equals $300.00 

21  tons  of  coal  at  $6.00  per  ton 126.00 

Electric  current   for  operation    of   motor 80.00 

Total $506.00 

Deduction  for  saving  in  coal  by  lower  temperatures 86.00 

$420.00 
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This  amounts  to  a  cost  of  about  2S  ct.  per  pupil  per  year.  The 
tirst  cost  of  this  apparatus  is  about  6  per  cent  of  the  usual  cost  of 
the  heating  and  ventilating  equipment  and  about  1  per  cent  of  the 
total  cost  of  the  building. 

J\ly  answer  to  the  question  whether  we  are  securing  such  im- 
proved conditions  as  are  above  referred  to,  in  our  Newark  schools 
where  air  washers  have  been  installed,  is  that  we  are  not  as  yet 
reaping  the  proper  benefits  from  them,  and  as  far  as  I  can  learn, 
most  other  cities  are  in  about  the  same  position.  This  is  not  only 
true  of  air  washing  and  humiditication,  but  it  is  true  of  ventilation 
as  well,  and  o-f  the  $75,000  which  we  spend  annually  to  supply  and 
condition  air  in  our  school  buildings,  1  am  free  to  say  that  it  is 
my  opinion  that  we  are  perhaps  not  reaping  more  than  50  per  cent 
of   the  value   received   for  this  expenditure. 

The  reasons  for  this  are  not  far  to  be  sought.  First,  it  can  be 
readily  understood  from  what  is  said  above  and  from  what  we 
know  of  the  other  factors  connected  with  proper  ventilation,  that 
the  defining  and  maintenance  of  proper  air  conditions  is  no  small 
undertaking.  It  not  only  requires  a  thorough  understanding  and 
proper  handling  of  this  subject  by  engineering  experts,  but  it 
requires  an  equal  amount  of  proper  understanding  and  proper 
handling  on  the  part  of  the  educational,  medical  and  operating 
branches  of  the  system.  In  other  words,  it  is,  generally  speaking, 
no  fault  of  the  apparatus  that  we  or  others  do  not  get  proper  and 
satisfactory  results  from  the  modern  ventilating  apparatus,  but 
more  a  fault  of  the  varying  and  diversified  uses  which  are  attempted 
to  be  made  of  this  apparatus.  The  remedy  for  this  lies  not  in  saying 
that  it  can't  be  done,  but  in  bringing  to  bear  upon  the  problem  the 
intelligent  and  sympathetic  cooperation  of  all  branches  of  our 
system. 

In  the  meantime,  I  do  feel  that  it  is  an  unwise  policy  not  to 
furnish  the  necessary  apparatus  with  which  to  accomplish  proper 
results,  as  we  most  assuredly  will  never  be  able  to  accomplish  such 
results,  unless  we  have  the  apparatus.  To  do  otherwise,  would  be 
to  acknowledge  defeat  before  trying  to  succeed  and  would  neces- 
sarily be  accorded  a  step  backward. 

The  whole  status  of  the  question  of  proper  air  conditions  reminds 
me  very  much  of  the  present  status  of  civilization;  where  a  great 
nation  of  supposedly  civilized  people  frankly  proclaim  that  they 
do  not  believe  in  the  generally  accepted  kind  of  civilization  and 
intend  to  fight  its  existence  to  the  last  ditch.  There  is  a  great 
army  of  the  users  of  conditioned  air  who  frankly  proclaim  that 
they  do  not  believe  in  our  modern  methods  of  conditioned  air  and 
they  intend  to  fight  them  to  the  last  ditch.  In  either  case  the  solu- 
tion lies  in  fighting  and  in  educating,  and  until  the  latter  is  ac- 
complished, we  will  not  have  proper  conditioned  air,  any  more  than 
we  will  have  a  stable  civilization. 

I  hear  arguments  against  modern  air  conditioning  such  as  that 
about  there  having  been  no  air  conditioning  apparatus  in  the 
"little  red  school  house,"  and  the  pupils  not  dying  any  faster  in 
school  rooms  Avithout  ventilation  than  they  do  in  school  rooms  with 
ventilation.     As  far  as  the  "little  red  school  house"  is  concerned, 
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we  must  realize  that  conditions  have  changed  and  that  our  entire 
environment  of  hfe  is  different.  The  free  pure  air  which  formerly 
existed  in  country  surroundings,  does  not  exist  any  more,  especially 
in  our  large  cities.  The  colder  and  more  invigorating  tempera- 
tures which  we  used  to  enjoy,  are  no  more  considered  to  be  com- 
fortable. The  flannels  that  used  to  be  worn,  have  given  over  to 
thin  muslins,  and  the  strong  physique  and  steady  nerve  of  past 
generations  have  given  way  to  weaker  frames  and  higher-bred 
nervous  constitutions. 

As  to  the  comparison  of  the  death  rate  with  and  without  ventila- 
tion, I  should  like  to  point  out  that  the  death  rate  in  the  majoritv 
of  our  great  cities  is  lower  in  the  poorer  and  more  congested  dis- 
tricts than  it  is  in  the  wealthier  and  more  sparsely  settled  sections. 
This  does  not  mean  to  my  mmd  that  if  we  were  designing  a  city, 
that  we  should  construct  it  entirely  of  slums,  any  more  than  it  doe? 
that  we  should  have  poor  air  conditions  in  our  schools,  simpl) 
because  it  does  not  kill  pupils  faster.  In  the  same  way  our  pupils 
would  no  doubt  thrive  as  well  and  learn  as  much  in  a  barn-like 
building  as  they  would  in  some  of  the  beautiful  edifices  which  we 
construct  for  them.  At  the  same  time  this  is  no  argument  for 
constructing  barn-like  schools  w'ith  no  influence  for  culture  or 
beauty,  any  more  than  it  is  for  omitting  such  things  from  the 
equipment  of  these  buildings. 


DISCUSSION 


Perry  West  :  I  think  we  concluded  some  .time  ago  that  it  is  not 
so  much  what  we  as  engineers  do  in  a  professional  way  that  is  going 
to  make  engineering  and  the  engineer  famous,  but  what  we  do  to 
get  it  over  to  the  public  so  that  they  can  make  the  proper  use 
of  it.  Shakespeare  was  not  a  great  man  because  he  was  a  great 
writer,  but  because  he  had  the  faculty  of  being  able  to  write 
things  that  other  people  would  read  and  make  good  use  of.  In  the 
same  manner,  our  engineering  accomplishments  are  only  great  and 
useful  in  so  far  as  we  can  make  people  understand  them  and  use 
them  in  the  right  way. 

It  seems  to  me  that  our  engineering  diplomacy  has  been  carried  on 
along  obsolete  lines  for  some  time.  We  have  been  too  apt  to  say, 
at  each  stage  of  our  developments :  That  this  or  that  is  the  last  word 
in  the  development  of  the  apparatus;  that  it  will  do  exactly  what 
it  should  do ;  and  that  the  public  should  take  the  apparatus  and  be 
perfectly  comfortable.  Before  we  had  the  air  washer  we  said  to  the 
people  who  were  desirous  of  having  good  ventilation :  "We  will 
put  in  a  fan  heater  and  give  you  plenty  of  nice,  warm  fresh  air. 
and  give  it  to  you  at  a  temperature  of  68  deg.  and  you  must  be 
perfectly  comfortable  in  it,  because  it  is  a  perfectly  comfortable 
atmosphere,"  and  we  thought  that  way,  but  w^e  did  not  believe,  nor 
take,  people's  word  for  it  when  they  told  us  they  were  not  com- 
fortable under  those  conditions. 
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Now  we  know  better  than  that,  and  we  know  that  we  must 
make  our  concHtions  reasonable.  The  international  diplomacy  of 
the  world  said  that  the  nations  of  the  world  must  be  perfectly 
happy  and  contented  under  a  certain  diplomatic  adjustment  whether 
or  not  it  was  reasonable  and  proper  according  to  the  judgment  of 
the  people  who  were  governed  by  it  but  it  did  not  work  out.  So  we 
must  get  something  that  is  perfectly  reasonable  and  everybody  must 
understand  it,  not  only  the  people  who  are  operating  the  thing, 
but  the  people  who  are  being  operated  upon. 

E.  S.  Hallett  :  I  think  the  comment  Mr.  West  made  in  his 
paper  in  regard  to  the  necessity  of  publicity  is  the  most  important 
thmg  he  has  said,  and  it  is  the  most  needed  thing  at  the  present 
time.  The  public  generally  is  not  aware  that  there  is  a  means  of 
providing  good,  pure  air  for  their  buildings,  factories,  picture  shows, 
theatres,  schools  and  the  hke.  We  are  now  all  of  us  acquainted 
with  good  water.  Twenty  years  ago  there  was  not  a  city  in  the 
United  States,  located  upon  river  banks,  that  did  not  use  muddy 
foul  water  for  all  purposes,  and  when  a  single  city  discovered  that 
water  could  be  purified  and  made  fit  for  drinking  purposes,  all  of 
the  cities  voted  at  once  to  purify  their  water  supply.  We,  there- 
fore, had  no  longer  epidemics  of  typhoid  and  dysentery  and  dis- 
eases of  a  similar  kind,  that  come  from  the  drinking  of  impure 
water. 

The  government  is  protecting  us  in  our  food  supplies  by  rigid 
inspections  everywhere.  We  have  yet  one  element  coming  in  con- 
tact with  our  bodies,  with  regard  to  which  we  have  not  been  pro- 
tected.    We  have  not  made  the  air  safe  for  our  people. 

In  our  schools,  Mr.  West's  schools  and  others,  we  have  all  these 
devices,  and  we  have  good  air,  but  what  we  need  most  of  all  is  to 
get  rid  of  these  great  plagues,  these  respiratory  diseases  that  medi- 
cine at  the  present  time  has  no  cure  for,  and  I  think  Mr.  West's 
statement  as  to  the  necessity  of  popularizing  the  matter  of  ventila- 
tion is  the  most  important  thing  before  this  Society. 

Now,  as  to  the  air  washer,  I  think  there  is  something  more  than 
we  have  yet  done  in  protecting  our  air  supply  that  remains  to  be 
done.  We  do  humidify.  That  is  effectively  done.  It  is  very  simply 
done.  We  have  devices  for  regulating  the  humidity  to  any  prede- 
termined point,  and  if  these  regulating  devices  break  down,  if  we 
maintain  a  proper  relation  of  the  temperature  of  the  water  to  that 
of  the  air  in  the  house,  we  shall  have  a  close  approximation,  so  we 
are  not  going  to  get  any  complaints  from  a  properly  operated  air 
washer,  even  without  the  finer  control ;  but  the  water  continually 
collecting  dust  and  bacteria  and  gases  gets  surcharged  in  a  short 
time  until  no  more  gas,  etc.,  can  be  contained  within  the  water,  and 
necessarily  most  of  it  will  pass  on  through,  and  that  is  continued  as 
long  as  we  use  the  same  water  in  the  washer. 

I  am  sure  that  we  are  coming  to  a  point  shortly  where  we  shall 
sterilize  the  water  by  some  means  and  destroy  the  germs  and 
thereby  get  rid  of  those  that  would  pass  on  through.  Now,  you 
might  say  they  cannot  go  through  the  spray — that  they  cannot  go 
on   into   the  house.     That  may  be  true,   while   they   are  wet.  but 
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when  the  apparulus  is  closed  clown  il  dries  (dt  the  scrubbers,  the 
eliminators  become  dry,  and  when  started  again  the  next  inrush 
of  air  carries  the  bacteria  on  and  the  room  is  directly  rilled  with 
bacteria,  so  it  is  necessary  to  sterilize  the  water,  and  1  am  sure 
that  we  shall  get  to  the  pomt  of  sterilizing  this  water  by  some  means 
other  than  we  have  now  at  hand. 

The  author  quotes  in  a  portion  of  his  paper  a  statement  from 
some  other  author  that  there  is  i)robably  no  such  thing  as  products 
of  respiration,  injurious  to  health  in  the  air.  Now,  that  has  been 
quoted  and  re-quoted  several  times,  and  we  seem  to  jump  at  that 
as  something  that  is  conclusive.  I  do  not  believe  it.  If  there  were 
no  elements  injurious  to  heahh  in  respired  air  we  could,  at  our  place, 
save  $30,000  to  $40,000  a  year  in  coal  at  once,  because  we  change 
the  air  in  our  school  rooms  seven  or  eight  times  an  hour,  and  that 
heat  is  all  wasted  because  the  air  is  discharged  from  the  room. 

1  could  re-treat  and  re-circulate  the  air  and  have  it  perfect  if  it 
were  not  for  the  products  of  respiration.  Carbon  dioxide  when 
made  chemically  is  not  injurious,  and  even  if  it  were  I  could  absorb 
that  with  lime  water.  I  am  not  concerned  with  that.  Wt  know 
very  well  that  we  get  smells.  If  one  will  go  into  some  of  the  school 
houses  in  St.  Louis  in  the  congested  districts  he  will  find  smells 
there,  plenty  of  them,  in  spite  of  anything  that  can  be  done.  No 
matter  how  well  you  have  the  air  conditioned,  there  will  be  strong 
smells  of  garhc  and  onions  and  many  things  of  that  kind. 

We  are  all  familiar  with  the  fact  that  such  diseases  as  scarlet 
fever  and  diphtheria  are  borne  in  the  air,  and  I  am  satisfied  that 
this  statement  to  which  1  have  referred  is  a  mistake,  and  that  there 
is  an  injurious  product  of  respiration  exhaled,  and  that  is  one  of 
the  things  I  would  like  to  see  our  Research  Bureau  handle.  I 
w^ould  like  to  know  what  that  is,  and  I  would  like  to  know  what  it 
is  that  will  cure  it  and  will  counteract  it,  because  if  I  can  do  that  I 
can  save  all  the  heat. 

Again,  Mr.  West  speaks  about  the  value  of  having  a  change, 
having  some  variety  occur  in  the  temperature  of  the  room.  He 
states  that  there  is  no  way  known  at  the  present  time  to  do  that. 
I  want  to  tell  him  that  a  member  of  our  Society,  Prof.  Kinealy, 
living  in  St.  Louis,  has  a  patent  on  a  device  for  that  very  thing. 
He  has  not  yet  built  any  apparatus.  We  have  oflered  to  lend  him 
one  of  our  schools  for  trying  it.  and  he  will  probably  act  on  that 
offer  and  make  the  test  in  one  of  the  schools.  His  patent,  in  short, 
consists  in  cutting  in  a  valve  on  the  air  line  that  connects  with  the 
thermostat  that  regulates  the  mixing  dampers,  which  change  from 
the  hot  room  to  the  tempered  air  room,  and  putting  the  control  on  a 
program  clock  so  that  at  the  time  the  classes  change  from  one  room 
to  another,  which  is  a  matter  of  a  few^  minutes,  this  hot  room 
damper  will  close  off  the  hot  air  and  tempered  air  will  be  drawn 
into  the  room  until  a  cool  breath  of  air  is  felt  around  the  room,  and 
then  the  conditions  are  changed  back  again,  ])utting  the  room  on 
the  thermostat  control. 
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Prof.  Kinealy  has  already  patented  that  apparatus  and  you  may 
hear  from  him.  He  is  looking  to  the  very  thing  we  are  trying  to 
solve.  I  am  sure  that  we  shall  soon  come  to  a  place  where  we 
shall  make  our  air  safe,  and  that  these  diseases  that  are  now  so 
destructive,  such  as  influenza  and  tuberculosis,  shall  be  very  greatly 
modified. 

Dr.  Wolff  Freudenthal^  :  I  have  learned  a  good  deal,  and 
hope  I  will  learn  a  great  deal  more  from  you  gentlemen,  because 
I  need  it.  The  lack  of  knowledge  among  the  physicians  in  regard 
to  these  questions  is  enormous.  The  state  of  ignorance  about  such 
conditions  in  general  among  the  medical  profession  is  appalling, 
and  it  is  up  to  you  gentlemen  to  educate  us  in  these  matters. 

As  to  moisture  in  the  air,  I  made,  some  25  years  ago,  the  same 
experiments  Dr.  Hayhurst  has  reported  here  tonight,  only  Dr. 
Hayhurst  made  them  more  exactly  and  with  greater  knowledge  of 
certain  conditions  than  I  did.  When  I  started  in  practice  here  some 
32  years  ago  I  noticed  I  could  not  breathe  well  during  the  cold 
weather  in  winter;  and  some  of  my  patients  complained  of  the 
same  symptoms.  I  then  examined  them  carefully  and  could  not 
find  any  reason  for  it,  according  to  the  knowledge  of  that  time. 
There  was  plenty  of  room  to  breathe  through  the  nose,  and  yet 
people  complained  of  lack  of  air.  I  thought  over  the  matter  and 
finally  I  came  to  the  conclusion  that  the  cause  was  in  our  own  rooms 
which  we  inhabit,  and  that  it  was  lack  of  humidity  that  caused  all 
these  symptoms.  I  asked  myself — how  is  it  possible  that  here  on 
Manhattan  Island  we  should  suffer  from  lack  of  humidity  when 
we  are  surrounded  on  all  sides  by  water?  It  was  a  matter  of 
surprise  that  we  should  suffer  in  winter  from  lack  of  water  when 
we  suffered  from  a  surplus  of  moisture  in  the  summer. 

I  began  to  study  the  physiology  of  the  nose  and  respiratory  dis- 
eases, and  if  it  will  be  of  any  interest  to  you  I  want  to  tell  you  that 
the  function  of  the  mucosa,  or  the  mucous  membrane  or  lining  of 
the  nose,  is  first  to  filter  the  air  that  we  inhale.  The  organism  has  to 
be  protected  against  foreign  bodies,  not  only  dust,  but  all  possible 
bacteria  and  germs.  We  do  inhale  the  bacillus  of  tuberculosis. 
The  bacillus  of  tuberculosis,  by  the  way,  gets  into  the  organism  in 
some  other  ways  too,  through  the  food,  etc.,  but  mostly  we  inhale 
it.  I  am  treating  tuberculosis  patients  in  great  numbers.  I  have 
been  connected  with  the  Montefiore  Hospital  for  many  years,  and  I 
get  the  patients'  breath  just  as  fresh  and  directly  as  any  one  can 
get  it.  But  most  likely  there  is  some  power  of  resistance  within  my 
organism  that  protects  me.  I  have  shown  elsewhere  that  when  we 
inhale,  the  current  of  air  strikes  the  posterior  wall  back  of  the 
nose,  and  there  is  a  small  place,  a  cid  de  sac,  where  it  is  kept  for 
a  time.  If  there  is  good  soil  in  that  place  the  bacillus  of  tuberculosis 
has  found  an  entrance  to  the  body  right  there.  If  it  has  not,  it  is 
expectorated  and  it  does  no  harm.  That  is  the  first  function  of  the 
nose  to  which  I  desire  to  call  your  attention. 

The  second  function  of  the  nose  is  to  heat  the  air  we  inhale.  It 
was  proven  long  ago  by  some  friends  of  mine,  Aschenbrandt  and 
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Kayser,  that  the  air  we  inhale  is  warmed  up  to  30  deg.  C,  no 
matter  how  low  the  outer  temperature  of  the  air  may  be.  That 
work  is  done  by  the  mucous  membranes  of  the  nose,  and  it  is 
natural  that  the  inhaled  air  should  go  up  to  the  temperature  of  the 
blood  or  it  would  do  harm. 

The  third  point  is  that  the  air  we  inhale  has  to  be  moistened. 
Up  to  about  ^5  years  ago,  when  I  began  my  studies,  there  were  only 
vague  ideas  about  that  point.  I  repeated  some  of  the  experiments 
made  by  Aschenbrandt  and  Kayser  by  having  different  people  inhale 
certain  atmospheres.  Then  two  different  kinds  of  new  experiments 
were  made.  I  took  pathological  conditions,  that  is  I  took  patients 
who  were  suffering  from  some  nose  trouble,  children  with  adenoids, 
enlarged  tonsils,  or  people  with  enlargements  in  the  nose,  etc.,  but 
that  part  will  not  interest  you  very  much.  Then  I  took  normal  per- 
sons, as  normal  as  we  can  get  them  here,  and  had  them  inhale  abso- 
lutely dry  air.  I  got  the  ?.ir  dry  by  having  it  filtered  through  an 
apparatus  which  w^as  filled  with  pumicestone,  and  in  that  way  the 
patient  inhaled  absolutely  dry  air.  Thus  I  was  able  to  prove  at 
that  time  that  the  lining,  the  mucous  membrane  of  the  nose  brings 
the  moisture  up  to  the  same  degree  as  at  any  time  previously ;  that 
is,  the  mucosa  had  to  do  much  more  work  under  these  conditions 
than  it  did  before. 

Now,  this  fact  holds  good  for  the  atmosphere  we  have  in  our 
rooms.  Twenty-five  years  ago  I  found,  just  as  Dr.  Hayhurst  and 
Mr.  West  have  found,  that  in  the  majority  of  cases  there  is  not 
enough  humidity  in  the  air.  There  is  not  40  per  cent  relative 
humidity  in  the  rooms,  which  is  the  minimum  required  for  breathing 
purposes.  That  is  a  bad  condition.  I  think  Mr.  West  found  from 
20  per  cent  down  to  8  per  cent  of  htunidity.  That  is  way  below 
what  it  should  be.  You  take  the  humidity,  'i.  e.,  water,  from  the 
human  organism,  for  example,  take  it  away  from  the  organism 
of  little  children,  and  it  cannot  be  replaced  so  quickly.  For  in- 
stance, if  you  are  worth  a  great  deal  of  money,  and  take  out  of 
your  pocket  money  all  the  time  and  do  not  put  any  in,  a  point  will 
be  reached  when  there  is  nothing  more  to  take  out.  It  is  the 
same  way  when  we  reach  that  point  in  the  nasal  organs.  There  is 
then  absolute  dryness  in  the  nose  and,  from  that  moment  on,  the 
air  we  inhale  is  not  assimilated  any  more;  that  is,  it  cannot  be  made 
suitable  for  the  physiological  functions  of  the  organism.  Such 
patients  will  not  breathe  through  the  nose ;  they  have  to  breathe 
through  the  mouth. 

I  examined  the  relative  humidity  in  the  wards  of  a  hospital  up 
at  Bedford  Hills — it  is  a  modern  hospital  with  very  large  wards. 
I  examined  the  air  also  in  one  tent  we  had  there,  in  which  we  kept 
some  patients  W'ho  liked  it  and  got  along  very  well  in  the  cold 
atmosphere.  The  difference  was  simply  remarkable.  It  showed 
that  as  soon  as  Ave  heated  any  room,  the  normal  amount  of  moisture 
was  not  present.  I  made  these  investigations  in  regard  to  the 
question  of  tuberculosis. 

I  have  made  some  other  experiments  which  confirm  Mr.  West's 
statements.     I  examined  my  patients  at  Bedford  Hills  in  the  begin- 
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iiing  of  November  and  at  the  end  of  March,  that  is,  at  the  beginning 
of  The  winter  and  at  the  end  of  it.  At  the  beginning  of  the  winter, 
after  they  had  had  all  the  outdoor  air  they  could  possibly  get  in 
the  summertime  there  were  very  much  fewer  cases  suffering  from 
the  dry  rhinitis,  i.  e.,  from  the  dry  condition  of  the  nose,  than  at  the 
end  of  the  season,  and  that  is  certainly  due  to  these  causes  which  I 
have  explained  here. 

I  want  to  say  that  when  you  go  to  a  theatre  or  to  the  opera  and 
enjoy  the  great  performances  which  you  see,  the  next  morning  you 
wake  up  with  a  terrible  headache.  To  what  is  that  due?  It  is 
not  due  to  alcohol,  because  alcohol  does  not  do  all  the  harm  in  this 
world.  It  is  simply  due  to  the  dryness  of  the  air  which  you  had 
been  breathing  the  night  before.  At  the  Metropolitan  Opera  House 
— I  mention  that  because  it  is  the  best  theatre  in  New  York — the 
air  is  so  dry  that  the  secretion  dries  in  the  nose  and  the  naso- 
pharynx, and  this  dry  secretion  presses  upon  the  nerves  and  causes 
a  headache.  When  you  jump  into  the  water,  exercise  or  take  a 
good  walk,  that  will  disappear. 

As  to  the  matter  of  publicity  which  was  referred  to  by  Mr.  West 
and  the  gentleman  from  St.  Louis,  I  will  take  the  liberty  of  reading 
just  one  paragraph  from  a  letter  which  was  written  to  me  by  a 
friend  of  mine,  Mr.  Waldemar  Kaempfifert,  the  editor  of  the  Popular 
Science  Monthly.  In  some  correspondence  I  had  with  him  about 
this  question  he  said : 

There  is  no  very  good  reason,  to  my  mind,  why  furnaces  should  not 
be  now  fired  by  gas.  Not  until  physicians  conduct  a  publicity  campaign  in 
the  newspapers  is  it  likely  that  furnace  makers  will  do  anything. 

Now,  gentlemen,  I  ask  you,  is  it  not  time  that  we  give  up  our 
old  fashioned  furnaces,  with  dust  and  coal  gas,  etc.?  You  do  not 
have  these  troubles  because  you  are  experts  and  can  remedy  them. 
But  there  are  many  millions  of  our  population  who  have  not  that 
knowledge  and  are  suffering  from  the  evil  effects  of  the  furnaces. 

There  was  a  great  campaign  last  winter  directed  toward  the  sav- 
ing of  coal  so  that  the  manufacturing  plants  could  have  sufficient 
coal  for  their  necessities.  We  tried  to  save  coal,  but  as  you  w^alked 
along  the  streets  of  this  city,  especially  the  side  streets,  you  saw 
barrels  of  ashes  w^ith  large  quantities  of  unburned  coal  in  them, 
absolutely  black  coal,  and  this  coal  was  being  thrown  away.  I  say, 
have  we  not  reached  a  time  when  you  gentlemen  can  construct 
something  better?  I  have  looked  into  several  methods  of  supplying 
heat — they  have  been  advertised  as  smokeless,  fumeless  and  vapor- 
less,  but  they  do  not  serve  the  purpose  satisfactorily,  and  I  believe 
that  we  shall  have  to  turn  to  gas.  So  far  these  things  have  not 
been  effective.  I  should  think  something  could  be  constructed  that 
would  serve  the  purpose  of  heating  our  homes  and  buildings,  by 
which  we  could  get  all  the  necessary  appliances  that  we  need  tor 
health. 

I  suggested  in  the  beginning,  and  I  will  repeat  it  now,  that  the 
nose  has  to  filter,  warm  and  moisten  the  air  in  the  body,  and. 
gentlemen,  that  is  exactly  the  work  you  are  doing.  I  have  confi- 
dence that  the  members  of  this  distingui.shed  Society  will  construct 
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something  very  soon  that  will  not  only  give  us  comfort,  but  will 
be  hygienic  as  well. 

S.  J.  Brown  :  You  said  a  good  deal  about  the  lack  of  humidity 
in  our  homes.  How  about  a  remedy?  How  would  you  remedy 
that  condition  in  your  home,  for  example,  and  provide  the  remedy 
which  you  say  w^e  lack? 

Dr.  Wolff  Freudenthal:  I  wish  Mr.  Brown  would  answer 
that  question  for  me.  He  is  more  of  an  expert  in  that  matter  than 
1  am.  1  think  it  is  absolutely  required  that  we  should  introduce 
moisture  into  the  rooms  of  private  dwellings,  schools,  etc.,  by  some 
apparatus,  whether  it  is  this  humidifier  or  some  other  apparatus,  1 
do  not  know.  I  am  waiting  for  you,  gentlemen,  to  find  some  spray 
or  some  system  that  will  moisten  the  air.  We  need  more  than  a 
gallon  of  water  per  day — perhaps  we  need  10  or  20  gal.  to  make  it 
work  properly  in  a  moderately  sized  house. 

I  have  tried  to  find  the  best  apparatus  for  such  purpose,  and  it 
seems  to  me  when  I  write  about  it  to  the  manufacturers  they  are 
reluctant  about  answering.  I  have  never  seen  any  advertisement  in 
the  medical  papers.  Wliy  don't  they  advertise  to  the  physicians, 
who  ought  to  be  instructed  in  such  matters  ?  I  wish  they  would 
do  it,  and,  I  wish  any  gentleman  who  finds  a  good  apparatus  that 
is  not  too  expensive  and  that  could  Ije  put  into  the  houses  would  ad- 
vertise it  to  physicians  as  well  as  to  la\men. 

S.  J.  Brown:  ]\Iay  I  ask  ]\Ir.  West  in  regard  to  what  he  said 
about  the  disastrous  effect  of  dry  air  upon  the  nmcous  membranes? 
Should  we  therefore  discourage  the  use  of  hot  air  furnaces  in  the 
schools  ?    We  have  them  in  the  schools  all  over  the  land. 

Perry  West:  I  do  not  think  the  question  is  whether  we  heat 
with  a  furnace,  or  steam,  or  water  or  that  the  method  we  use  in 
heating,  enters  into  this  discussion  at  all.  It  is  the  same  as  the 
question  of  whether  we  ventilate  by  opening  windows  or  ventilate 
by  the  use  of  a  mechanical  system;  that  is  not  the  question,  either. 
The  question  is  to  get  the  proper  air  conditioning.  The  way  we  get 
it  is  entirely  beside  the  question.  W^e  do  not  want  to  say  it  shall 
be  done  this  way,  that  way,  or  the  other  way,  but  we  must  have 
the  proper  conditions.  I  do  not  know  whether  that  answers  Mr. 
Brown's  question  or  not.  but  that  is  what  we  are  striving  for. 

I  should  like  to  say  while  I  am  on  my  feet  that  I  think  the  proper 
answer  to  Mr.  Brown's  other  question  is  this — to  get  people  so 
interested  in  demanding  an  apparatus  that  will  properly  humidifv 
the  air  in  the  homes  that  manufacturers  will  construct  one  which 
will  do  it,  and  one  with  a  proper  control  device,  which  will  give  an 
automatic  control.  A  humidifying  apparatus  is  just  like  an  engine, 
it  may  be  all  right,  but  unless  you  have  a  governor  for  it,  or  some- 
thing to  hold  it  under  control,  it  may  not  be  any  good.  The  thing 
may  be  strong  enough  to  do  the  work  and  perfect  in  all  respects, 
but  if  it  has  no  governor  it  is  not  used.  The  same  thing  applies 
to  the  humidifying  apparatus — that  is  the  great  trouble  with  humidi- 
fying apparatus  on  the  market  for  home  humidification.  The 
demand  has  not  been  made  strong  enough  and  the  people  are  not 
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willing  to  pay  a  sufficient  price  and  go  to  sufficient  trouble  to  buy 
the  apparatus  and  have  it  installed,  and  when  they  do  you  can  rest 
assured  the  manufacturers  will  be  only  too  glad  to  make  the  appa- 
ratus that  is  required,  tell  you  where  to  get  it,  w^hat  it  costs,  and 
all  about  it. 

S.  J.  Brown  :  I  was  asking  whether  the  hot  air  furnace  made 
the  air  drier  than  steam  or  hot  water  heating  systems  would  do. 

W.  S.  KoiTHAN :  When  taking  air  exclusively  from  outdoors 
with  the  hot  air  furnace,  it  is  bound  to  be  drier  indoors  than  if  the 
air  is  recirculated.  The  furnace  people  make  a  mistake  in  not  pro- 
viding a  return  connection  for  furnace  heat.  One  will  get  as  good 
ventilation  that  way  as  with  direct  steam  or  hot  water  systems ; 
but  when  you  take  air  exclusively  from  outside  (in  a  hot  air  fur- 
nace system)  and,  say  you  have  air  at  30  deg.  and  saturated,  the 
humidity  would  be  about  25  per  cent,  at  70  deg.  If  you  will  notice, 
most  hot  air  furnace  systems  on  a  very  cold,  dry  day,  will  require 
between  75  and  80  deg.  of  heat,  and  sometimes  85  deg.  before  you 
are  comfortable,  simply  because  the  air  is  so  dry  and  the  absorption 
of  moisture  so  rapid  that  you  must  make  up  the  deficiency  with  the 
hotter  air,  and  the  air  is  that  much  drier  relatively,  at  80  degrees  of 
heat  as  you  only  have  about  20  per  cent  of  moisture. 

George  B.  Nichols:  The  paper  presented  has  dealt  wholly 
with  the  methods  and  results  to  be  obtained  from  the  installation 
of  humidifiers.  For  a  considerable  number  of  years,  humidifiers 
have  been  recommended  for  various  classes  of  buildings  and  I 
believe  the  time  has  been  reached  when  actual  field  data  can  be 
presented.  I  believe  it  would  be  to  the  interest  of  the  Society  if 
a  canvass  were  to  be  made  of  the  various  buildings  where  humidi- 
fiers have  been  installed,  to  determine  to  what  extent  these  pieces 
of  apparatus  are  being  used  in  actual  practice.  In  my  own  experi- 
ence, I  have  found  that  after  installing  such  pieces  of  apparatus, 
those  in  charge  of  the  buildings  have  completely  ignored  their  use 
and  the  equipment  stands  idle.  ,Within  the  last  year,  I  have  had 
occasion  to  make  a  canvass  of  a  large  number  of  buildings  where 
fan  systems  were  installed,  particularly  in  public  institutions,  to 
determine  to  what  extent  they  were  being  used.  At  one  particular 
institution,  under  the  direction  of  a  medical  superintendent,  I 
inquired  regarding  a  new  building  recently  constructed,  if  the  fan 
system  was  giving  satisfaction,  and  was  informed  that  the  building 
was  being  well  ventilated  and  that  the  fan  was  a  great  addition  to 
it.  Upon  investigating  there,  I  found  that  the  fan  had  not  been 
run  since  the  building  was  constructed.  This,  I  believe,  is  not  an 
unusual  case  in  large  institutions. 

Out  of  all  the  cases  examined,  it  was  found  that  not  over  50  per 
cent  of  the  fan  systems  were  being  operated. 

It  is,  therefore,  well  enough  to  discuss  the  merits  of  air  washers, 
but  I  believe  it  is  rather  a  dangerous  practice  to  install  in  public 
buildings  expensive  apparatus  that  will  not  be  used,  which  has  a 
tendency  to  draw  down  criticism  upon  the  profession. 
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As  I  understand  this  question,  the  Department  of  Health  of  the 
City  of  New  York  has  instructed  the  Department  of  Education  not 
to  install  further  fan  systems  in  public  schools.  If  such  is  the  case, 
I  would  recommend  that  this  Society  should  invite  the  representa- 
tives of  the  Department  of  Health  responsible  for  this  action  to 
appear  before  it  and  present  the  arguments  and  figures  on  which 
such  a  drastic  stand  is  taken. 

I  would  call  to  your  attention  that  the  State  Law  on  this  subject 
reads : 

The  Commissioner  of  Education  shall  not  approve  the  plans  for  the  erec- 
tion of  any  school  building  or  addition  thereto  or  remodeling  thereof  unless 
the  same  shall  provide 

a.  At  least  15  sq.  ft.  of  floor  space  and  200  cu.  ft.  of  air  space  for  each 
pupil  to  be  accommodated  in  each  study  or  recitation  room  therein. 

b.  For  assuring  at  least  30  cu.  ft.  of  pure  air  every  minute  per  pupil. 

c.  The    facilities    for  exhausting  the    foul   or  vitiated  air   therein  shall  be 
positive  and  independent  of   atmospheric  changes. 

It,  therefore,  would  appear  that  the  steps  being  taken  by  the 
Department  of  Health  are  contrary  to  the  State  regulations. 

Chas.  a.  Booth  :  I  am  entirely  in  accord  with  the  last  speaker. 
The  way  in  which  heating  and  ventilating  apparatus  is  installed  and 
used  goes  far  in  determining  whether  it  is  an  essential  thing  and 
a  good  investment.  Whether  as  engineers,  contractors,  or  as  manu- 
facturers, we  should  feel  it  necessary  to  devote  some  time  to  fol- 
lowing up  the  installations  for  which  we  are  responsible  and  seeing 
that  they  are  operated  as  they  .should  be. 

We  hear  about  these  tests  in  the  New  York  schools,  and  the 
only  information  that  appears  is  that  certain  of  these  schools  had 
mechanical  ventilation ;  nothing  is  stated  as  to  what  system  of 
ventilation  was  used,  whether  it  was  modern,  5r  out  of  date,  whether 
it  included  any  means  for  air  washing  or  humidification,  nothing  as 
to  whether  the  apparatus  was  in  order  or  even  in  operation  at  the 
time  of  the  test,  nothing  as  to  the  temperature,  the  humidity,  or  the 
volume  of  incoming  air,  simply  a  statement  that  they  had  made  a 
test  of  certain  schools  mechanically  ventilated  and  compared  the 
results  with  schools  that  were  ventilated  by  open  windows,  and 
from  these  tests  drawn  certain  conclusions. 

It  is  said  that  these  conclusions  were  unwarranted,  but  the  fact 
that  5uch  a  report  could  have  gained  publication,  and  that  no  atten- 
tion was  paid  to  the  question  of  whether  the  mechanically  ventilated 
schools  were  really  operated  to  the  best  advantage  or  not,  simply 
shows  that  no  attention  has  been  paid  to  this  matter  by  our  own 
members. 

I  have  been  in  schools  and  other  institutions  where  the  apparatus 
was  not  operated.  I  know  of  one  large  city  where  the  ventilating 
apparatus — and  there  is  ventilating  apparatus  in  every  school — is 
by  instruction  of  the  school  authorities  not  operated  at  all  until  the 
temperature  outdoors  is  as  low  or  lower  than  20  deg.  Why? 
Because  they  want  to  save  fuel.  They  have  direct  radiation  in  the 
rooms  which  is  sufficient  to  take  care  of  all  the  heat  required  down 
to  a  temperature  of  20  deg.,  and  until  that  temperature  is  reached 
the  apparatus  is  not  placed  in  operation. 
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That  is  something  that  does  demand  our  attention  as  an  associa- 
tion more  than  as  individuals,  because  we  as  individuals  cannot 
accomplish  a  great  deal,  and  our  action  as  an  association  will 
accomplish  a  great  deal  more.  We  must  see  that  the  equipment 
that  we  advocate,  and  which  all  of  us  are  willing  to  agree  is  essen- 
tial, is  operated  to  the  best  advantage.  We  should  go  at  it  from 
two  points:  one  is  the  education  of  the  engineers  or  janitors  in 
charge  of  the  apparatus,  and  the  other  is  to  reach  the  head  authori- 
ties in  the  school  boards,  the  source  from  which  directions  come 
as  to  the  operation  of  the  apparatus. 

The  case  I  have  just  mentioned  brings  up  the  question  of  the 
so-called  "split  system,"  in  which  direct  radiation  provides  for 
heating  except  in  most  extreme  weather,  a  system  which  has 
acknowledged  advantages,  but  the  installation  of  which  makes  it 
possible  to  heat  without  ventilation.  A  double  system  is  all  very 
well,  but  if  it  means  that  we  have  a  single  system  for  nine-tenths 
of  the  time,  it  would  be  better  to  have  a  single  heating  system  all 
the  time,  and  that  system  the  one  which  would  involve  mechanical 
ventilation. 

E.  S.  Hallett  :  That  is  the  best  argument  I  have  heard  against 
the  use  of  the  "Split  System"  of  heating  and  ventilation.  To  put 
direct  radiation  in  the  room  to  supply  the  heat  and  a  fan  system  to 
furnish  pure  air  and  then  do  as  is  reported  here,  i.  e.,  let  the  fan 
stand  idle  is,  to  put  it  mildly,  a  gross  injustice  to  the  occupants.  I 
think  that  anybody  who  would  take  liberties  with  the  health  of  the 
children  in  schools  by  cutting  out  the  ventilation  is  assuming  a 
responsibility  of  alarming  proportions. 

If  I  am  talking  to  any  school  people  I  hope  I  have  their  approval 
in  protesting  against  the  non-use  of  ventilating  apparatus.  Better 
put  all  the  heat  in  the  air  and  then  health  and  comfort  will  go 
together. 

Theodore  Weinsiiaxk  :  The  gentleman  who  just  spoke  is  evi- 
dently trying  to  u])set  that  which  our  best  authorities  have  recom- 
mended for  a  nunil)er  of  years.  One  of  our  leading  lights  in  the 
profession,  who  recently  died,  spent  a  num1)er  of  years  in  experi- 
menting, and  he  came  to  the  conclusion  that  a  split  system  of  heat- 
ing is  the  proper  system  for  a  modern  school  room.  He  has  given 
us  facts  and  data  that  we  are  using  as  authority.  He  has  demon- 
strated that  direct  radiation  placed  at  the  outside  walls  under  win- 
dows forms  a  curtain  of  warm  air  and  the  air  supplied  to  the 
building  with  a  fan  is  used  for  ventilation  only.  This  has  proven 
a  success  as  far  as  nn-  personal  ex])erience  has  shown  for  a  nunil)er 
of  years. 

In  regard  to  the  use  of  air  washers  in  connection  with  ventilation 
systems  of  school  houses,  will  state  that  unless  there  are  some  laws 
or  rules  by  which  these  air  washers  would  be  used  at  all  times 
when  the  fan  is  being  used,  they  are  a  waste  of  moncv.  Janitors 
or  engineers  in  school  houses  as  a  rule  consider  an  air  washer  a 
luxury  and  disconlinne  its  use  after  the  first  month   of  f)i)eration. 
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In  Indiana,  we  have  laws  compelling  principals  of  schools  to  look 
after  the  operation  of  mechanical  equipment  designed  for  ventilat- 
ing purposes.     Such  laws  should  be  in  every  state. 

Perry  West:  Mr.  Nichols  brought  up  the  question  of  not  oper- 
ating the  apparatus,  which  is  a  pertinent  question,  a  live  question, 
^kluch  good  apparatus  is  not  operated  and  it  is  a  question  that  we 
ought  to  be  immensely  interested  in.  but  the  answer  to  that  question 
is  this — that  the  users  of  ventilating  apparatus,  who  are  the  in- 
habitants of  the  buildings,  are  not  interested  enough,  they  have  not 
made  enough  of  a  study  of  the  question,  they  do  not  know  enough 
about  it,  to  know  that  they  can  get  much  better  conditions  with 
that  apparatus  in  operation  than  they  can  if  it  is  idle,  and  therefore 
they  do  not  make  it  to  the  interest  of  the  janitor,  or  whoever  is  in 
charge  of  the  apparatus,  to  operate  it. 

I  have  had  enough  experience  with  engineers  and  janitors  to 
know  that  if  one  is  lukewarm  about  it.  and  says.  "It  does  not  make 
any  difference  to  me  whether  you  run  the  apparatus  or  not,  I  do 
not  know  whether  it  is  any  good."  The  janitor  will  not  run  it.  of 
course;  he  would  be  a  fool  if  he  did. 

I  think  that  is  the  answer  to  this  question,  and  as  several  of  the 
speakers  have  said,  the  greatest  problem  in  connection  with  this 
proposition  is  publicity,  as  we  want  to  get  it  to  the  people,  and  get  it 
to  the  men  who  are  directly  responsible  for  the  use  of  this  apparatus, 
and  that  means  school  boards  and  public  boards  of  all  kinds.  Just 
as  soon  as  they  realize  and  appreciate  the  value  of  this,  and  make  it 
a  part  of  their  business  to  see  that  the  apparatus  is  properly  used, 
instead  of  misused,  we  shall  not  have  so  many  of  these  plants  stand- 
ing idle. 

The  President  :  It  has  been  mentioned  here  by  Dr.  Freuden- 
thal,  and  it  was  also  brought  up  by  Mr.  Brown  in  an  incidental 
way,  that  the  thing  we  must  bear  in  mind  is,  that  probably  95  per 
cent  of  all  of  the  ailments  of  the  human  being  really  come  from 
his  home  surroundings,  rather  than  from  gatherings  in  large  public 
buildings,  etc.,  and  yet  our  sole  effort,  as  a  Society,  is  almost  entirely 
concentrated  on  public  buildings. 

If  you  stop  to  think  of  it,  over  To  per  cent  of  the  homes  in  this 
country  are  heated  by  furnaces,  and  this  idea  of  providing  the  neces- 
sary equipment  for  taking  care  of  the  health  of  the  inhabitants  of 
this  countr}-  in  their  home  life  is  a  thing  which  is  almost  ignored. 
( )ne  of  the  things  I  am  ho])eful  of  seeing  taken  u])  in  the  early 
work  in  the  establishment  of  the  Research  Bureau  is  this  very  thing 
One  of  the  things  which  should  be  taken  up  in  a  broad  way  is 
the  very  thing  which  has  been  mentioned  here,  the  matter  of  pub- 
licity, to  show  the  manufacturers  of  the  country  that  there  is  a 
grand  opening  for  them  to  produce  something  that  is  going  to  give 
the  conditions  that  should  prevail  in  the  home  as  well  as  those  ideals 
we  are  reaching  for  in  the  schools.  vSo  long  as  we  perform  a  func- 
tion that  has  for  its  object  a  great  public  benefit,  a  great  future  lies 
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before  us,  but  so  long  as  we  ignore  it  we  have  not  that  same  oppor- 
tunity. 

I  want  to  again  thank  Dr.  Freudenthal  for  appearing  here  to- 
night. It  affords  the  members  of  our  Society  the  greatest  satisfac- 
tion to  find  a  physician  who  is  thinking  along  the  same  lines  as  we 
are.  I  am  sorry  to  say  that  as  near  as  I  have  been  able  to  gather 
from  the  addresses  of  doctors  that  I  have  listened  to  in  one  place 
and  another,  most  of  the  medical  fraternity  seem  to  be  in  opposition 
to  us.-  They  have  a  tendency  to  destroy  and  nullify  our  efforts 
rather  than  to  help  us  build  them  up,  and  we  must  show  construc- 
tive work  in  order  to  bring  them  to  us.  They  will  come  our  way 
as  soon  as  they  see  what  we  are  trying  to  do.  In  my  opinion,  in  a 
great  many  ways,  in  regard  to  the  heating  and  ventilation  of  public 
buildings,  we  are  far  in  advance  of  the  medical  fraternity,  inasmuch 
as  they  have  not  attempted  to  discover  what  are  the  physical  condi- 
tions necessary  to  the  human  race  which  offer  that  degree  of  com- 
fort and  health  that  we  as  engineers  are  striving  to  produce  and 
make  the  apparatus  for.  I  think  we  have  today,  for  large  public 
buildings,  at  least,  facilities  for  producing  almost  any  condition  that 
the  human  race  requires,  but  we  do  not  know  what  the  human  race 
requires  in  its  home  surroundings — we  are  not  physicians,  and  in 
our  work  for  the  homes  we  are  somewhat  deficient. 
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THE  ARGUMENT  CONCERNING  MECHANICAL 
AND  NATURAL  VENTILATION 

By  Dr.  E.  Vernon  Hill,  Chicago,  III. 
Member 

MANY  persons — social  workers,  physicians,  and  I  am  sorry  to 
say  public  officials — enjoy  declaiming  about  ventilation,  the 
open  window,  God's  fresh  air,  etc.,  laying  undue  emphasis 
upon  the  methods  employed  to  ventilate  a  room  with  little  or  no 
thought  as  to  the  actual  conditions  maintained  therein.  They 
usually  proclaim  the  virtue  of  natural  methods  as  against  the  arti- 
ficial or  mechanical. 

We  must  admit,  however,  that  these  misinformed  mischief-making 
enthusiasts  for  fresh  air  are  not  the  only  ones  at  fault.  Strong 
partisanship  is  also  exhibited  on  the  other  side  of  the  fence.  Heat- 
ing and  ventilating  contractors,  and  to  a  less  extent  manufacturers 
of  equipment,  are  not  slow  to  defend  mechanical  ventilation.  Their 
defense  unfortunately  is  not  always  confined  to  the  well  designed 
and  efficiently  operated  equipment  but  includes  everything  that  goes 
by  the  name  of  a  mechanical  equipment.  Many  of  them  would 
advocate  permanently  closing  the  numerous  windows  of  the  cathe- 
dral of  wSt.  Peter  in  Rome  and  installing  some  ducts,  a  fan  and  a 
stack  of  vento,  confident  that  in  this  manner  they  would  improve 
air  conditions  in  this  historic  edifice.  This  is  all  entirely  wrong. 
It  is  not  only  unscientific  but  tends  to  block  progress  in  one  of  the 
most  important  fields  of  preventive  medicine. 

There  is  no  quarrel  between  natural  and  mechanical  ventilation 
any  more  than  there  is  between  a  natural  and  a  mechanical  water 


Note. — The  text  of  this  paper  is  a  reply  to  a  statement  published  in  the  Chicago  Daily 
News,   relative   to  the  controversy   over  ventilation   requirements   for   occupied  rooms. 

Paper  presented  at  the  Annual  Meeting  of  the  American  Society  of  Heating  and" 
Ventilating  Engineers,  New  York,   N.  Y.,  January,   1919. 
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supply  for  the  city  of  Chicago.  There  was  a  time  when  a  man  could 
go  out  into  his  back  yard  and  a  dig  a  well  and  get  a  pure  and  abun- 
dant supply  of  clean  water  for  his  household  use.  That  time  has 
long  since  passed  in  large  cities  and  we  must  now  have  recourse  to 
a  mechanical  water  supply.  In  some  cases  we  must  go  further  than 
this.  We  must  filter  it,  chlorinate  it  or  otherwise  treat  it  to  make 
it  pure  and  wholesome,  and  anyone  who  is  so  ill-advised  as  to  con- 
demn the  latter  method  and  to  recommend  going  back  to  the  old 
well  in  the  yard  would  be  the  laughing  stock  of  the  community. 

The  situation  is  parallel  with  that  of  our  ventilation  problem. 
There  are  many  places  and  conditions,  in  rural  districts  particularly, 
where  natural  ventilation  meets  all  the  requirements  and  where  it 
is  folly  to  install  fans  or  other  mechanical  devices.  There  are  some 
rooms,  even  class  rooms,  where  the  space  per  occupant  is  ample ; 
where  the  window  area  is  adequate ;  where  the  outside  air  is  uncon- 
taminated  and  where  noise  on  the  outside  of  the  building  is  not 
excessive,  that  window  ventilation  is  entirely  satisfactory.  There 
are  many  other  locations,  however,  at  the  present  time,  and  the  con- 
ditions producing  them  are  unfortunately  increasing,  where  natural 
ventilation  is  entirely  out  of  the  question  and  where  we  must  there- 
fore, have  recourse  to  mechanical  methods,  not  from  choice  but  from 
necessity. 

Saxon  Snell,  the  well  known  English  authority,  in  speaking  of  the 
ventilation  of  churches  hits  the  nail  squarely  on  the  head  when  he 
says : 

"I  do  not  say  that  mechanical  ventilation  is  not  necessary  and 
desirable  in  many  instances,  but  I  do  say  that  no  church  should  be 
constructed  that  requires  it." 

This  is  true  not  only  of  churches  but  of  a  considerable  number 
of  other  buildings.  Factories,  where  the  process  carried  on  does 
not  contaminate  the  air,  where  the  space  per  occupant  is  1,000  cu.  ft. 
or  more,  and  where  the  windows  are  situated  on  four  sides  of  the 
room,  which  is  undivided  by  partitions,  do  not  require  mechanical 
ventilation.  This  has  been  amply  proven  by  the  tests  conducted  by 
the  Chicago  Commission  on  \^entilation  in  the  Paris  Garter  Factory 
and  other  similar  buildings  in  this  city.  Offices  with  somewhat  less 
space  per  occupant  and  practically  the  same  ratio  of  window  area 
do  not  require  mechanical  ventilation.  In  many  buildings  of  this 
type,  however,  the  space  per  occupant  is  insufficient  or  the  necessary 
window  area  cannot  be  obtained.  Again,  the  space  may  be  divided 
by  partitions  that  prevent  air  circulation.  In  this  case,  as  in  many 
others  which  we  will  not  discuss  at  the  present  time,  adequate  ven- 
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tilation   by   means   of    windows   becomes   impossible   and   we   must 
adopt  mechanical  means. 

Let  us  have  done,  therefore,  with  this  foolish  and  unprofitable 
argument  respecting  the  comparative  values  of  mechanical  vs.  nat- 
ural ventilation.  Let  us  understand  that  each  has  its  clear  and 
well  defined  field  and  that  our  problem  u  not  to  determine  their 
relative  value  but  rather  to  determine  what  air  conditions  are  desir- 
able in  a  given  space  with  a  given  type  of  occupancy,  occupation, 
etc.,  and  then  to  decide  from  experience  and  from  tests  in  similar 
buildings  whether  these  conditions  can  be  maintained  without 
mechanical  ventilation.  If  they  can,  let  us  by  all  means  make  use 
of  natural  methods;  if  they  cannot,  let  us  adopt  whatever  mechan- 
ical adjuncts  are  necessary  to  obtain  these  desired  results. 

There  is  no  mystery  in  the  science  of  ventilation  at  the  present 
time.  The  brilliant  work  of  modern  investigators  has  placed  the 
subject  on  a  logical,  scientific  basis,  leaving  little  room  for  the  time- 
w^orn  prejudice  or  personal  opinion.  The  factors  that  influence 
or  control  air  conditions  are  fairly  well  understood.  They  are  the 
temperature,  humidity  and  air  motion;  the  dust,  bacteria  and  CO^ 
content,  and  the  degree  of  objectionable  odors  present.  Air  distri- 
bution also,  although  not  strictly  speaking  a  factor,  should  be  given 
due  consideration  when  we  are  dealing  with  air  conditions  in  a 
confined,  occupied  space. 

It  is  possible  to  design  a  record  card  oh  which  each  of  these 
factors  is  given  its  proper  weight  and  importance  as  a  part  of  the 
whole  and  to  plot  test  results  on  this  card  from  actual  observations 
made  in  a  given  room.  From  this  record,  we  can  now  determine 
the  percentage  of  perfect  ventilation  as  shown  by  our  test,  and  what 
is  of  equal  importance,  we  can  see  in  what  respect  it  is  deficient.  I 
will  say,  by  way  of  explanation,  that  with  a  complete,  intelligently 
designed  mechanical  system  we  expect  to  obtain  a  percentage  of 
not  less  than  95  in  a  class  room  in  winter  weather  with  the  windows 
closed.  Equipped  with  this  device,  this  ventilation  "measuring  stick" 
as  it  were,  the  investigator  can  compare  results  of  different  tests  on 
a  cold  mathematical  basis,  necessarily  excluding  private  opinion  and 
prejudice. 

Many  hundreds  of  tests  of  this  kind  in  school  class  rooms  ven- 
tilated by  windows  and  by  mechanical  systems,  in  theatres,  factories, 
offices,  workshops  and  other  public,  semi-public  and  private  build- 
ings have  been  made  by  the  X'cntilation  Division  of  the  Chicago 
Health  Department  since  its  organization  in  June,  1912.  From  the 
observations  and  experiences  thus  gained,  and  from  an  analysis  of 
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our  records,  certain  conclusions  are  unavoidable.     The   following 
may  be  of  interest : 

First,  Natural  ventilation  by  means  of  windows  is  satisfactory  in 
offices,  light  manufacturing  industries,  etc.,  where  the  work  done 
or  the  process  carried  on  does  not  materially  contaminate  the  air, 
provided : 

(a)  A  minimum  of  900  to  1,000  cu.  ft.  of  space  per  occupant 
is  available. 

(b)  Windows  are  provided  on  four  sides  of  the  space,  having 
an  area  of  from  10  to  13  per  cent  of  the  floor  area. 

(c)  Humidifying  devices  are  installed  that  will  maintain  a  wet 
bulb  temperature  of  not  less  than  57  deg. 

(d)  Thorough  cleanliness  with  respect  to  the  floors,  furniture 
and  general  equipment  is  maintained. 

Second,  Natural  ventilation  by  means  of  windows  is  possible  in 
school  class  rooms,  provided : 

(a)  The  space  per  occupant  is  not  less  than  800  cu.  ft. 

(b)  The  window  area  is  not  less  than  12  per  cent  of  the 
floor  area,  with  windows  on  at  least  two  opposite  sides  of 
the  room. 

(c)  Artificial  humidifying  devices  capable  of  maintaining  a  wet 
bulb  of  57  deg.  in  cold  weather  are  provided,  with  air 
circulating  fans  to  equally  distribute  the  moisture  and  main- 
tain a  satisfactory  air  movement  throughout  the  room. 

(d)  Oiled  floors   and   scrupulous   cleanliness   are   maintained. 

Third,  Patent  window  ventilators,  cloth  screens  and  other  similar 
devices  for  the  ventilation  of  class  rooms  should  be  unqualifiedly 
condemned.  They  give  consideration  only  to  one  of  seven  factors 
that  control  air  conditions  in  a  room,  namely,  the  introduction  of 
outside  air.  To  obtain  an  adequate  air  supply  is  the  simplest  part 
of  the  ventilation  problem.  To  obtain  the  correct  wet  bulb  tempera- 
ture;  to  get  proper  distribution  of  the  air;  to  maintain  it  practicallv 
free  from  dust  and  bacteria  and  objectionable  odors,  are  the  real 
difficulties  in  the  ventilation  of  a  class  room.  These  are  ignored 
by  those  recommending  patent  ventilators  and  cloth  screens.  The 
latter  method  obstructs  the  light  and  allows  dust  and  bacteria  lo 
enter  in  considerable  amounts ;  it  has  practically  no  redeeming  fea- 
ture. The  children  can  be  made  just  as  miserable  by  shutting  ofT  the 
heat,  with  a  marked  saving  in  fuel,  an  important  consideration  at 
the  present  time. 

Fourth,  Any  mechanical  ventilating  equipment,  if  properly  so- 
called,  must  consist  of  the  following: 
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(a)  Devices  for  introducing  and  distributing  a  variable  amount 
of  air  according  to  varying  conditions  from  15  to  20  to 
perhaps  50  cu.  ft.  per  pupil  per  minute.  Distribution  from 
one  supply  register  in  a  room  is  a  practical  imposiiibility. 

(b)  The  air  should  be  controlled  within  a  variation  of  less 
than  2  deg.  from  a  wet  bulb  of  57  deg.  Ordinary  thermo- 
static control  by  a  dry  bulb  thermometer  is  wrong,  as  the 
dry  bulb  temperature  does  not  determine  comfort. 

(c)  The  air  supply  must  be  free  from  dust,  bacteria  or  other 
impurities.  This  means  that  an  efficient  air  cleansing  device 
must  form  a  part  of  every  ventilating  equipment,  no  matter 
where  the  building  is  located. 

(d)  The  entire  mechanical  equipment  must  be  so  constructed 
that  every  part  of  it  from  the  building  intake  to  the  outlet 
registers  in  the  room  is  readily  accessible  for  thorough 
cleaning  and  repair.  (It  is  safe  to  say  that  less  than  5  per 
cent  of  the  mechanical  equipments  installed  in  school  build- 
ings throughout  the  United  States  meet  these  requirements, 
and  it  is  no  wonder  that  teachers  and  others  who  are 
interested  in  this  problem  are  not  slow  to  criticize.  A  fan 
and  heater,  with  a  system  of  ducts,  is  not  a  ventilating 
equipment,  and  should  not  be  so  designated — it  is  simply 
a  device  for  blowing  air  into  a  room.  With  such  a  device 
the  results  obtained  from  its  use  are  no  better  than  bad 
ventilation  by  windows;  frequently  they  are  not  as  good.) 

It  is  perfectly  clear  that  the  solution  of  our  school  ventilation 
problem  does  not  lie  in  the  return  of  the  antiquated  and  inefficient 
so-called  natural  methods.  To  get  the  air  space  required  for  win- 
dow ventilation  would  mean  practically  doubling  the  number  of 
schools  in  the  country.  This  is  clearly  out  of  the  question  and 
even  if  this  were  done,  it  would  be  a  difficult  problem  to  obtain 
proper  window  area  on  opposite  sides  of  the  room.  Neither  is  this 
question  to  be  solved  by  the  installation  of  the  type  of  equipment 
just  mentioned,  which  is  usually  designed  by  draftsmen,  or  sales- 
men; installed  by  tinsmiths,  and  operated  by  a  janitor.  It  lies 
rather  in  a  better  realization  of  what  constitutes  satisfactory  air 
conditions  and  the  insistence  by  those  who  are  responsible  for  the 
installation  of  the  same  that  the  equipment  is  properly  designed 
and  installed  and  tested  and  that  it  will,  when  completed,  maintain 
the  desirable  standard. 

The  tests  in  the  New  York  schools  reported  by  Dr.  Josephine 
Baker  may  result  in  good  or  in  harm,  depending  upon  how  care- 
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fully  they  are  interpreted.  .Assuming  that  the  results  obtained  are 
trustworthy,  and  we  have  no  reason  to  think  otherwise,  the  tests 
indicate  that  air  conditions,  from  the  standpoint  of  health  at  least, 
are  better  in  the  window  ventilated  rooms  than  in  those  rooms  ven- 
tilated by  mechanical  methods,  and  the  results  should  awaken  public 
scliool  orhcials  to  their  laxity  and  carelessness  in  the  installation, 
and  possibly  in  the  operation,  of  these  mechanical  equipments.  To 
conclude  from  the  report  that  natural  ventilation  is  to  be  preferred 
to  mechanical  would  be  a  grave  mistake  and  result  in  much  harm. 
The  entire  matter  emphasizes  strongly  the  utter  futility  of  making 
comparative  tests  of  this  kind.  What  we  should  do  is  to  test  the 
conditions  in  the  rooms  directly  and  to  make  comparisons,  if  desir- 
able, of  these  tests. 

In  conclusion,  allow  me  to  say  that  the  common  beliefs  in  so- 
called  natural  methods  of  this  or  that  are  ofttimes  unwarranted. 
Natural  methods  are  not  the  best.  Nature  is  notoriously  careless 
and  inefficient.  She  creates  with  wasteful  prodigality  hundreds,  yes 
thousands,  of  the  lower  forms  of  life  that  a  few  may  live  and 
fulfill  their  destiny.  She  ushers  man  on  to  the  stage  of  life  with 
a  useless  and  troublesome  vermiform  appendix  and  many  other 
vestigial  remains  of  pre-historic  ancestors  to  burden  and  clutter 
his  anatomy.  His  natural  skin  covering  is  tender  and  soft,  offering 
a  woefully,  inadequate  protection  to  the  elements.  But  he  is 
endowed  with  a  brain,  a  truly  wonderful  organ,  which  he  is  ex- 
pected to  use  for  correcting  and  improving  his  condition.  Each 
and  every  milestone  that  marks  his  road  and  measures  his  progress 
is  an  accomplishment  or  an  invention  in  something  artificial,  some- 
thing that  makes  him  less  dependent  on  nature  and  her  various 
moods.  Civilization  is  artificial  today  almost  in  its  entirety.  Our 
clothing,  our  food  and  water  supply,  the  houses  we  live  in  are 
artificial  developments,  and  we  must  of  necessity  maintain  and  pro- 
mote our  artificial  life  with  artificial  methods  and  devices.  The  cry 
of  "Back  to  Nature"  is  the  cry  of  the  reactionary;  of  the  man  who 
acknowledges  defeat. 
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DISCUSSION 

Frank  K.  Chew  :  I  want  to  make  a  comparison  between  open 
window  ventilation  and  mechanical  ventilation.  Suppose  a  building 
has  a  southern  exposure,  a  western  exposure  and  a  northern  expos- 
ure? I  do  not  want  to  stay  in  that  building  when  windows  are 
opened  to  ventilate,  because  the  wand  is  sometimes  from  the  north, 
sometimes  from  the  west,  and  sometimes  from  the  south.  If  win- 
dows are  opened  in  the  schoolroom,  people  will  keep  their  children 
home,  if  the.  windows  are  facing  the  west. 

It  comes  to  this  question  again — Mr.  West  says  the  janitor  does 
not  run  the  apparatus.  In  the  same  way,  many  people  go  to  phy- 
sicians, and  receive  prescriptions,  and  then  go  away  and  do  as  they 
please,  and  many  of  them  do  not  have  the  prescriptions  filled.  I 
do  not  know  whether  or  not  they  blame  the  doctors  if  their  health 
does  not  improve.  It  is  the  same  thing  with  the  school  people 
when  the  fans  are  not  run. 

As  to  the  mechanical  plants  in  the  schools  here  in  New  York 
City,  I  have  a  very  firm  conviction  in  my  mind  that  the  teachers 
do  not  know  any  more  about  positive  systems  of  mechanical  ventila- 
tion than  they  do  about  ventilating  by  windows,  when  the  thermom- 
eter is  low,  as  it  was  last  winter  here  in  New  York,  when  it  regis- 
tered dowai  to  zero  for  several  days  at  a  time,  and  the  wind  was 
pretty  strong.  I  would  keep  my  youngster  home  from  school  if  the 
school  depended  on  window  ventilation  on  such  days.  I  do  not 
believe  there  is  any  benefit  in  window  ventilation  for  little  folks 
in  such  w^eather. 

Last  summer  in  Milwaukee  Dr.  Hill  talked  before  the  National 
Warm  Air  Heating  and  Ventilating  Association,  about  warm  air 
heating  and  ventilation,  and  said  that  in  some  of  the  best  ventilated 
buildings  in  the  City  of  Chicago  the  air  was  better  than  in  some 
places  outdoors.  I  can  understand  w^hy  that  would  be.  The  dust 
and  particles  of  matter  which  accumulate  in  the  air,  would  be 
removed  from  the  heated  air,  as  it  came  into  the  building  from  the 
air  washer,  and  the  air  would  be  cleaner  and  purer  than  outdoors. 
I  think  the  question  really  is  a  comparison  between  open  window 
ventilation,  and  the  right  kind  of  mechanical  ventilation  system  in 
actual  use,  and  properly  run.  I  cannot  see  why  there  is  any  reason 
for  the  Board  of  Education  to  be  haled  up  before  the  Board  of 
Health  in  New  York  City,  to  show  whether  one  system  or  the  other 
should  be  run. 

With  all  due  respect  to  Dr.  Freudenthal,  we  sat  here  in  this  room 
and  heard  a  number  of  doctors  a  few  years  ago  who  came  here  and 
talked  just  the  same  as  the  doctor  who  made  the  report  to  the  Board 
of  Education.  They  made  some  statements  which  were  wholly  pre- 
posterous. One  fellow  said  that  in  a  hospital,  when  the  fan  is  in 
motion,  the  air  was  delivered  at  a  temperature  of  550  deg.,  which 
was  entirely  too  hot  for  any  patient. 

S.  J.  Brown  :  I  was  called  to  a  school  recently  that  has  been 
built  and  been  in  operation  for  five  years.     The  incoming  superin- 
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tendent  of  schools  in  that  town  said  he  could  not  ventilate  that 
school.  This  school  was  ventilated  by  ducts,  and  we  made  an 
examination  and  discovered  that  every  single  duct  was  absolutely 
shut  off  at  every  floor  by  the  flooring.  The  carpenters  who  had 
built  the  floor,  ran  it  right  straight  through  the  ducts.  That  was  a 
ventilating  system  for  which  the  school  had  spent  a  good  deal  of 
money,  and  it  was  absolutely  useless.  I  have  found  countless  cases, 
in  other  schools,  where  the  ducts  had  not  been  shut  off  like  that  but 
some  careless  bricklayer  or  carpenter  had  allowed  bricks  or  other 
obstructions  to  go  down  into  the  duct  as  he  built  it. 

If  it  is  difficult  to  secure  satisfactory  results  with  ventilating 
apparatus  where  the  heat  is  conducted  through  ducts,  find  out  if 
the  duct  is  clear  or  not,  whether  the  heat  can  pass  through,  whether 
the  passage  is  obstructed  by  bricks  or  other  material  which  brick- 
layers and  carpenters  have  carelessly  allowed  to  fall  into  the  ducts 
when  the  floor  was  laid. 

P'kank  K.  Chew:  Mr.  Weinshank  has  just  told  me  that  in 
Indiana,  if  the  janitor  or  principal  of  the  school  does  not  see  the 
fan  is  running,  where  there  is  a  fan  system,  he  is  fined. 

Several  years  ago  Dr.  Franklin  at  the  summer  meeting  at  Atlantic 
City  advocated  that  a  campaign  of  education  be  started  by  the 
Society  to  educate  the  general  public  on  these  matters,  that  the 
publicity  question  was  one  of  the  most  important  subjects  to  which 
we  could  give  our  attention.  It  was  suggested  that  men's  clubs  and 
women's  clubs  would  be  glad  to  hear  something  of  what  our  mem- 
bers could  tell  them  about  heating  and  ventilation.  A  lot  of  other 
similar  organizations  would  be  equally  desirous  of  hearing  such  an 
address.  We  tried  it  out  in  the  case  of  a  church  gathering  in 
Newark,  and  the  reception  which  was  given  to  Mr.  West,  and  the 
way  the  matter  was  absorbed  and  the  questions  asked  him,  was 
wonderful.  The  audience  was  eager  for  information,  and  I  think 
he  did  get  to  the  citizens  of  Newark,  and  I  recommend  that  our 
people  endeavor  to  secure  the  same  kind  of  publicity  from  the 
Society's  engineering  work  for  public  welfare. 

The  President:  If  I  recollect  correctly,  last  summer  we  ap- 
pointed Mr.  Chew  and  Mr.  Armagnac  as  a  Publicity  Committee. 

A.  S.  Armagnac:  The  work  of  this  Publicity  Committee  is  a 
difficult  job.  At  a  previous  meeting  I  spoke  of  the  possibility  of 
getting  some  of  the  Society's  papers  in  the  hands  of  the  press,  so  I 
was  appointed  chairman  of  the  Publicity  Committee.  I  immedi- 
ately got  busy,  but  we  did  not  have  as  much  success  as  we  hoped  for. 
We  first  tried  to  get  in  touch  with  the  Western  Newspaper  Union, 
cxdiich  is  the  national  organization  for  syndicating  this  kind  of  mat- 
^er,  but  unfortunately  it  is  located  in  Chicago,  so  we  could  not  see 
these  people  ]:»ersonally,  and  we  had  great  difficulty  in  getting  any 
response  at  all  to  our  communications. 
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When  this  matter  of  natural  versus  mechanical  ventilation  came 
up  before  the  New  York  Chapter  in  October,  your  PubHcity  Com- 
mittee took  pains  to  send  copies  of  the  report  on  the  subject,  which 
was  short  and  to  the  point,  to  all  of  the  New  York  daily  papers, 
and  also  to  the  Newark  papers.  So  far  as  I  know,  we  got  no  ac- 
tion at  all  on  the  part  of  any  of  the  papers. 

The  President:  We  are  carrying  on  some  very  interesting 
experiments  in  Detroit,  that  is  the  Board  of  Health  and  the  Board 
of  Education  combined,  and  to  me  the  remarks  of  Mr.  Armagnac 
brought  that  point  home  very  forcibly. 

I  tried  to  get  some  matter  into  the  newspapers  on  the  mechanical 
side  of  the  subject,  that  is,  not  on  one  side,  but  on  both  sides,  but 
just  the  minute  that  the  Board  of  Health  took  the  stand  that  they 
felt  they  ought  to  know  whether  the  open  window  ventilation  or 
mechanical  ventilation  was  the  thing  they  should  recommend,  they 
asked  the  Board  of  Education  to  turn  o'ver  a  schoolhouse  for  the 
purpose  of  carrying  on  experiments  and  investigations  this  winter, 
and  then  the  newspapers  came  out  with  the  statement  that  the  Board 
of  Health  had  advocated  open  window  ventilation  and  that  the  city 
was  wasting  money  in  putting  in  the  fan  systems.  Now,  the  latter 
matter  is  news,  and  the  other  was  not  news.  That  is  the  reason 
we  cannot  get  the  matter  into  the  newspapers. 

One  of  the  interesting  things  in  connection  with  this  experiment 
in  the  schoolhouse.  is  that  one-half  of  the  schoolhouse  is  ventilated 
by  open  window  ventilation  and  the  other  half  by  mechanical  ven- 
tilation. The  school  is  located  in  one  of  the  finest  sections  of  the 
city,  about  as  far  away  from  the  factory  district  as  any  point  in 
town  can  be.  and  the  location  favors  open  window  ventilation  in 
every  way.  The  children  are  what  you  migljt  call  a  selected  class, 
not  "highbrows,"  as  you  would  ordinarily  understand  that  term, 
but  the  children  of  a  fine  class  of  people,  as  fine  as  you  find  any- 
where, and  children  well  dressed  and  living  normal  lives  under 
healthy  conditions. 

When  they  started  this  experiment  two  weeks  ago  the  teachers 
were  all  strongly  for  it.  I  went  over  to  the  school  myself,  as  Presi- 
dent of  this  Society,  and  I  talked  with  nearly  all  of  them  and  all  of 
the  teachers  in  the  mechanically  ventilated  part  of  the  building  were 
anxious  to  go  into  the  rooms  with  the  open  window  ventilation. 
East  week — the  experiment  had  then  been  in  operation  two  weeks 
— the  teachers  in  the  rooms  where  tliey  had  the  open  window 
ventilation  were  not  of  the  same  frame  of  mind  as  in  the  first  place, 
they  find  the  air  is  not  as  good,  and  find  they  have  more  trouble 
with  the  children  than  before,  and  it  requires  a  great  deal  of  their 
personal  attention  and  hence  distraction  from  the  work  of  teaching, 
to  regulate  the  ventilation  and  the  conditions  in  the  room  to  make  it 
suitable.  We  applied  enough  automatic  regulation  in  the  room  to 
take  care  of  the  temperature  while  the  window  was  open,  and  while 
it  is  not  a  question  of  heat  directly,  it  is  a  question  of  cold  indi- 
rectly, that  is,  if  the  wind  comes  up  suddenly.  \\'hilc  we  have  not 
had  any  severe  weather  and  our  conditions  there  are  about  the 
same  as  they  are  here,  yet  we  have  to  move  the  children  away 
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from  the  windows  once  in  a  while  and  switch  them  back  after  recess, 
for  the  wind  comes  along  and  upsets  the  whole  thing. 

One  room  has  no  cloth  screens  in  it  at  all,  and  in  that  room  the 
teacher  says  she  will  resign  if  they  do  not  give  this  experiment  up. 

We  are  taking  bacteriological  readings  and  we  have  a  dust  analysis. 
We  take  four  or  six  readings  an  hour,  have  four  men  on  the  job 
all  the  time  every  day  who  are  making  physical  and  chemical 
analyses  right  along,  and  also  employing  the  Curtiss  system  of  deter- 
mination of  mental  qualities,  and  making  comparisons  in  the  rooms 
where  the  two  systems  are  in  operation. 

Prof.  Chadsey  Brown  of  the  public  schools  there  is  opposed  to 
the  idea  of  open  window  ventilation.  He  was  in  the  first  place,  and 
he  is  more  so  now,  because  he  said  that  the  distraction  and  the 
amount  of  attention  it  would  take  to  operate  a  school  with  open 
window  ventilation,  in  his  opinion,  was  not  to  the  advantage  of 
education.     He  would  rather  have  a  mechanical  system. 

Everything  in  connection  with  this  test  is  open-minded  and  fair 
and  above-board,  and  it  is  being  done  in  the  best  possible  manner, 
and  if  the  results  that  are  obtained  this  year  are  so  conclusive  that 
there  is  no  further  argument  about  it  in  a  school  that  is  ideal  for 
open  window  ventilation,  next  year  it  is  proposed  to  take  a  school 
in  one  of  the  districts  over  near  Hastings  Street,  where  the  inhabi- 
tants are  largely  Russian  Jews,  Greeks  and  Syrians,  a  very  con- 
gested district,  where  many  of  the  children  have  their  underwear 
sewed  on  in  the  fall,  to  be  left  on  until  the  spring.  By  conducting 
experiments  in  such  a  schoolhouse  we  can  probably  get  more  pro- 
nounced comparisons  than  we  are  able  to  secure  in  this  other  school. 
I  do  not  believe  we  can  form  any  conclusion  from  the  way  the 
thing  has  worked  out  in  the  mild  weather,  but  in  February,  when 
zero  weather  occurs,  the  whole  thing  is  going  to  be  upset. 

This  is  a  very  serious  situation  which  confronts  us,  and  some  real 
active  efifort  must  be  made  to  demonstrate  what  the  real  facts  of  the 
matter  are.  The  various  statements,  which  are  made  regarding  ven- 
tilation should  be  analyzed  most  carefully.  There  are  many  elements 
entirely  apart  from  ventilation.  For  instance,  one  of  them  is,  that 
we  do  not  know  in  what  character  of  districts  these  mechanically 
ventilated  schools  in  New  York  were.  I  inquired  and  found  that 
they  were  somewhere  where  the  children  are  not  fed,  but  are  nearly 
starved  to  death,  in  very  badly  congested  districts,  where  the  chil- 
dren were  of  an  inferior  class  from  the  standpoint  of  health,  and 
some  of  the  other  schools  were  in  a  different  section,  where  the 
children  have  higher  resistive  powers,  and  are  not  affected  in  the 
same  way.  There  are  all  sorts  of  elements  that  enter  into  this 
problem,  where,  in  order  to  get  a  proper  appreciation  of  the  whole 
jiroblem  all  of  these  elements  should  be  taken  into  consideration, 
and  to  make  a  report  on  only  a  few  of  these  elements  leads  to  an 
unfair  judgment,  in  my  ojjinion,  and  we  want  to  offset  that  condi- 
tion as  far  as  we  can. 
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AIR  DUCT  DESIGN 

By  Leo  Kraft/'  Cleveland,  Ohio 
Non-Member 

ALTHOUGH  the  basic  principles  underlying  it  have  been  well 
established  for  a  number  of  years,  the  study,  from  a  scien- 
tific standpoint,  of  the  flow  of  air  in  ducts  is  of  quite  recent 
origin  and  this,  together  with  the  fact  that  the  hydraulic  formulae 
governing  it  are  rather  complicated,  has  probably  kept  many  engi- 
neers from  studying  it  carefully ;  and  has  led  them  to  adopt  approxi- 
mate methods  for  duct  design  based  on  "rule-of-thumb"  methods 
which  in  common  with  most  such  methods,  except  in  the  hands  of 
the  experienced  designer,  are  liable  to  give  incorrect  results. 

It  is  believed  that  the  following  method  of  designing  ducts  is  as 
short,  if  not  shorter  than  most  empirical  methods  which  can  be 
considered  anything  more  than  mere  guesses ;  and  it  will  be  found 
to  follow  the  theory  so  closely  that  it  can  be  applied  to  practically 
any  duct  problem  without  yielding  absurd  or  incorrect  results. 
Furthermore,  the  arbitrary  assumptions  which  are  necessary  are 
all  made  at  the  start,  and  these  assumptions  are  of  such  a  nature 
that  they  affect  the  operation  of  the  system  as  a  whole  and  not  the 
individual  parts  of  the  system. 

The  w^ork  required  to  design  a  duct  system  so  as  to  be  strictly 
correct  from  a  purely  theoretical  standpoint,  would  hardly  be  war- 
ranted in  practical  work.  In  the  first  place  the  calculations  would 
be  so  laborious  as  to  be  prohibitive  and  in  the  second  place  the  cost 
of  the  sheet  iron  work,  or  cost  of  installation,  would  be  very  high 
if  the  actual  system  w-ere  required  to  follow  too  closely  the  theo- 
retically correct  design.  To  carry  out  the  design  correctly  from  a 
theoretical  standpoint,  one  should  deal  with  the  dynamic  pressure  as 
well  as  the  static  pressure,  and  these  formulae  are  not  easily  han- 
dled. Several  years'  experience  has  shown  that  ducts  designed  after 
the  following  methods  in  which  only  the  static  pressure  is  consid- 
ered, are  entirely  satisfactory  in  every  respect ;  and  in  view  of 
allowances  which  must  involuntarily  be  made  for  deviations  from 
any  design,  it  w^ould  seem  that  any  greater  elaboration  in  design 
is  not  warranted.  The  writer  has  had  instances  where  volume 
dampers  could  not  be  used  and  the  division  of  the  air  among  the 
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different  outlets  in  such  systems  has  been  remarkably  close  to  the 
calculations.  Wherever  possible,  volume  dampers  should  be  em- 
ployed, but  this  need  not  be  considered  as  an  excuse  for  using  a 
carelessly  designed  duct  system.  A  properly  designed  system,  in 
which  all  the  dampers  are  practically  wide  open,  is  much  to  be 
I)ref erred  to  one  poorly  designed  where  the  dampers  play  the  most 
important  ])art  in  distributing  the  air. 

GENERAL    FORMULAE 

The  study  of  hydraulics  shows  us  that  the  flow  of  fluids  through 

pij^jcs  or  ducts  running  full  may  be  expressed  by  the  general  for- 
mula : 

p^^  \  d'WD 


-■^- 


L 

Where  P  =  pounds  of  fluid  per  minute, 

d  =  diameter  of  duct  in  inches, 
IV  =  weight  in  pounds  of  1  cubic  foot  of  fluid, 
D  =  drop  in  i^ounds  per  square  inch, 

L  ■=^  distance  in  feet, 
C\  =  a  coefficient. 

This  is  the  general  formula  and  is  suitable  for  water  pipes,  steam 
pipes,  etc.,  but  in  order  to  make  it  more  readily  applicable  to  duct 
design,  it  may  be  ])ut  into  the  following  form  by  simple  algebraic 
substitution  of  different  quantities   for  those  used: 


O  =  O.(;!)o  C     '  ^'^* 


'4 


Where  Q  :=  cubic   feet  of  air  per  minute, 
d  =  diameter  of  duct  in  inches. 
It  =  friction   drop   in   inches   of   water, 
L  ^=  length  of   duct  in   feet. 

In  determining  this  formula,  air  at  70  deg.  under  a  barometric 
pressure  of  2!). 921  in.  of  mercury,  has  been  used,  the  weight  of 
one  cubic  foot  being  0.07495  lb. 

If  A  is  the  area  in  square  feet  of  a  duct  whose  diameter  is  d 
inches,  the  formula  may  also  be  written : 


0  =  468.72  C 


.(If) 


It  will  be  seen  that  the  practical  value  of  this  formula  depends 
largely  on  C^,  which  is  a  coefficient  depending  on  the  roughness  of 
the  interior  surface  of  the  duct  and  also  to  an  extent  upon  the  size. 
A  great  many  methods  for  determining  this  coefficient  have 
been  proposed,  but  i:)robably  the  best  and  most  widely  accepted  is 
Kutter's  formula  which  is  quite  complicated.     However  C^  may  be 
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expressed  with  sufficient  accuracy  for  duct  calculations  by  the 
equation : 

C,  =  31.4  d  °--^^ 

This  value  of  C^  will  correspond  quite  well  with  Kutter's  values 
for  a  value  of  n  =  0.013  or  0.013,  which  is  the  value  recommended 
for  iron  pipes  moderately  smooth  and  clean,  such  as  are  ordinarily 
encountered  in  duct  work.  For  smooth  concrete  or  tile  pipe  ducts 
this  same  value  of  C^  may  be  used,  but  for  rough  ducts  of  brick 
or  the  like,  the  value  of  C^  should  be  not  more  than  75  per  cent 
of  the  value  given  above,  and  in  some  cases  it  should  even  be  less 
than  this,  depending  very  largely  on  the  roughness  at  the  joints. 

APPLICATION  OF  FORMULAE  TO  DESIGN 

At  first  glance  these  formulae  may  appear  very  complicated  and 
too  cumbersome  for  practical  use.  This  might  be  the  case  were  it 
necessary  to  actually  solve  the  equation  for  each  duct,  but  by  the 
use  of  diagrams  these  formulae  may  be  used  with  practically  no 
calculations,  other  than  of  arithmetic  of  the  simplest  sort.  Let 
us  consider  an  actual  case — the  information  at  hand  is  that  so  much 
air  is  to  be  delivered  at  so  many  locations.  The  first  thing  we 
must  then  do  is  to  decide  what  pressure  drop  we  may  allow  in  our 
duct  system,  then  knowing  the  drop  {h),  the  amount  of  air  {Q) 
and  the  distance  (L),  it  is  possible  to  solve  the  equation  for  d  or  A 
which  would  give  us  the  size  duct  required.  If,  for  instance,  we 
have  a  duct  100  ft.  long  and  want  to  convey  through  it  5000  cu.  ft. 
of  air  per  minute  at  a  drop  of  y%  in.,  the.  equation  would  show 
that  the  duct  required  would  have  to  be  about  25  in.  in  diameter, 
or  a  duct  having  a  sectional  area  of  3.43  sq.  ft.  In  this*  duct  the 
velocity  would  be  5000  divided  by  3.43,  or  1460  ft.  per  min.  If 
the  distance  which  this  air  was  to  be  carried  had  been  200  ft. 
instead  of  100  and  a  total  drop  of  %  in.  had  been  required,  by  the 
formula  we  would  have  found  that  the  duct  should  be  about  29 
in.  in  diameter,  having  an  area  of  4.5  sq.  ft.  and  giving  a  velocity 
of  1110  ft.  per  min. 

The  diagrams  in  Figs.  1  and  2  enable  one  to  solve  these  equa- 
tions graphically  entirely  without  calculations.  Referring  to  dia- 
gram in  Fig.  2,  on  scale  \  find  the  point  showing  the  cubic  feet  of 
air  per  minute  to  be  carried,  in  this  case  5000.  Now  lay  a  straight- 
edge on  this  diagram  so  that  it  cuts  across  scale  A  at  5000  and 
across  scale  B  at  the  required  drop,  %  in.  and  it  will  be  found  that 
it  cuts  scale  C  at  the  point  representing  3.43  sq.  ft.  or  approximately 
25  in.  diameter  which  is  the  size  duct  required.  Xow  to  determine 
the  duct  to  pass  this  same  amount  of  air  200  ft.  instead  of  100  ft., 
with  the  same  drop,  lay  a  straight-edge  across  scales  C,  D,  and  E, 
cutting  scale  C  at  the  point  found  for  the  100  ft.  duct,  and  cutting 
scale  D  at  the  total  distance  200  ft.  and  it  will  cut  .scale  F  at  4.5 
sq.  ft.,  or  approximatelv  20  in.  in  rliameter,  the  size  duct  renuircd. 
The  diagram  in  Fig.  1  is  the  same  as  that  in  Fig.  2,  except  that  the 
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range  of  air  volumes  and  duct  sizes  is  different,  and  it  is  used  in 
the  same  manner. 

EQUIVALENT    LENGTH    OF    THE    DUCT 

When  the  distance  or  length  of  a  duct  is  mentioned,  it  must  be 
understood  to  mean  the  equivalent  length,  this  being  the  length  of  a 
straight  duct  which  would  offer  the  same  resistance  to  the  passage 
of  the  air.  Every  bend  occurring  iui  a  duct  increases  the  resistance 
and  the  most  convenient  way  of  considering  this  is  to  add,  for  each 
bend,  an  amount  which  represents  the  length  of  a  straight  duct 
having  the  same  resistance  as  the  bend  or  elbow.  Experimental 
data  on  this  point  are  very  meager,  but  it  is  customary  to  add  10 
diameters  to  the  length  of  the  duct  for  each  standard  DO  deg.  elbow, 
which  is  an  elbow  having  the  radius  of  the  inner  edge  equal  to  the 
width  or  diameter  of  the  duct.  Usually  it  will  be  sufficiently  accu- 
rate in  determining  the  amount  to  be  added  for  friction  in  bends, 

TABLE   1.     VARIATION    OF   RESISTANCE   WITH    RADIUS 


RATIO  or  INNEH 
P.  AD1U5  lb  Width 
Ou  Diameter 

NUMBEP.OT 
5TANDAT5.Ii  30' 
ELI)0W3 

0 

10.0 

1/4 

G5 

'A 

iO 

1 

1.0 

l'/2 

.6 

i^OVED. 

.5 

to  assume  a  round  duct  100  ft.  long,  and  obtain  the  diameter  from 
the  diagram  in  Figs.  1  or  2.  In  the  above  case  the  diameter  for  a 
100  ft.  duct  was  found  to  be  25  in.,  so  for  each  standard  !J0  deg. 
elbow  in  this  duct,  we  should  add  10  x  25  or  350  in. — say  21  ft. 

The  friction  loss  also  varies  with  the  angle  of  the  bend,  and  on 
this  subject  there  are  almost  no  experimental  data.  Weisbach's 
formula  shows  that  the  friction  loss  varies  directly  as  the  angle, 
that  is,  a  45  deg.  elbow  will  have  one-half  the  resistance  of  a  !>0 
deg.  elbow  having  the  same  radius.  The  writer  questions  this 
formula,  particularly  when  applied  to  air  ducts,  but  if  this  formula 
is  incorrect,  it  probably  errs  on  the  safe  side  so  that  it  will  be  satis- 
factory to  use  it  in  our  calculations.  As  a  rule,  bends  of  much 
more  than  i)0  deg.  are  quite  rare  but  the  above  rule  may  be  applied 
to  them.  Bends  of  much  less  than  .30  deg.  as  a  rule  may  be  neglected 
unless  there  are  a  number  of  them,  so  that  they  would  total  to  an 
appreciable  amount,  in  which  case  the  above  rule  may  be  applied 
to  them.  A  handy  rule  is  to  neglect  any  bend  under  30  deg.,  con- 
sider anything  from  30  deg.  to  GO  deg.  as  a  45  deg.  bend,  and  any- 
thing from  GO  de^.  to  90  deg.  as  a  90  deg.  bend.  This  rule  will  be 
found  to  be  sufficiently  accurate  for  the  majority  of  cases  and  in  the 
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absence  of  exact  experimental  data  is  probably  as  good  and  as  simi)le 
as  any  yet  devised. 

The  radius  of  the  bend  also  alTects  the  frictional  resistance,  and 
on  this  point  there  are  \try  few  ex]:)eriniental  data  other  than  the 
tests  of  Frank  L.  Busey.  The  rule  given  by  N.  S.  Thomson  is  very 
handy  and  corresponds  with  the  best  information  at  hand.  This 
rule,  when  reduced  to  terms  of  a  standard  !>0  deg.  elbow,  is  as 
shown  in  Table  1.  This  table  shows  one  thing  which  is  not  gen- 
erally realized  by  engineers  and  that  is  that  nothing  is  to  be  gained 
bv  using  elbows  in  which  the  ratio  of  the  inside  radius  to  the  diam- 
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eter  or  width  is  more  than  2 ;  consequently  the  extra  cost  of  these 
extremely  long  radius  bends  is  not  justified. 

Let  us  assume  that  in  the  hypothetical  duct  mentioned  above, 
there  is  a  45  deg.  elbow  whose  inside  radius  is  one-half  the  width 
of  tlie  duct.  Now  the  amount  to  be  added  for  a  standard  90  deg. 
bend  was  found  to  be  21  feet,  so  the  amount  to  be  added  for  a 
standard  45  deg.  bend  would  have  been  one-half  of  21  or  lOj/4  ft. 
and  the  amount  to  be  added  for  the  45  deg.  bend  with  the  shorter 
radius  would  have  been  (from  Fig.  3)  10^  times  3,  or  say  32  ft. 

Changes  in  the  sectional  shape  of  a  duct  also  afifect  the  drop  in 
pressure,  but  if  these  transition  pieces  are  properly  made  so  that 


15-0  — 


FIG.    3.      TYPICAL    SYSTEM   OF    DISTRIBUTING    DUCTS 


the  angle  made  by  the  sides  with  the  duct  is  not  more  than  about 
30  deg.,  they  may  be  considered  as  straight  ducts,  and  no  addition 
in  length  need  be  allowed  for  increased  friction  loss  in  them. 


COMBINING  BRANCH  DUCTS  INTO   MAINS 

When  two  or  more  smaller  ducts  are  to  be  combined  into  one 
large  duct,  it  is  not  correct  to  add  the  areas,  as  it  will  be  seen  from 
the  formula  given  above,  that  the  carrying  capacity,  for  a  required 
friction  drop,  does  not  vary  directly  as  the  area.  A  very  con- 
venient way  of  combining  ducts  is  to  add  arbitrary  numbers  which 
bear  the  proper  relation,  using  this  sum  as  a  guide  to  the  required 
area.  Such  a  set  of  numbers  for  different  duct  areas  is  given  in 
Table  2.  These  are  purely  arbitrary  numbers  and  have  no  signifi- 
cance except  that  they  bear  the  same  ratio  as  the  carrying  capacity 
of  the  ducts  they  represent.  Suppose  we  want  to  combine  into  a 
trunk  duct,  10  branch  ducts  each  having  a  sectional  area  of  ]  sq.  ft. 
In  this  table  we  find  the  number  for  1  sq.  ft.  is  98.61,  say  99.  Then 
10  x  99  ^  990,  the  sum  of  the  combining  numbers  for  the  branches, 
and  which  from  the  table  corresponds  by  interpolation  to  a  duct 
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having  an  area  of  5.45  sq.  ft.  instead  of  10  sq.  ft.  as  would  be 
obtained  by  adding  the  areas.  Values  in  the  table  may  be  inter- 
polated to  ftnd  intermediate  duct  areas  or  combining  numbers,  and 
the  table  has  been  arranged  to  permit  this  being  done  readily,  and 
with  as  much,  or  as  little  accuracy,  as  is  desired. 

When  using  circular  ducts',  it  is  not  possible  to  adhere  so  closely 
to  the  theoretical  size  without  using  fractional  inches  in  the  diam- 
eter which  is  not  usually  done,  so  an  additional  combining  table 
has  been  prepared  (Table  3)  which  will  permit  circular  ducts  to  be 
designed  without  interpolation.  The  values  in  these  two  combining 
tables    (Tables   2   and   3)    are   interchangeable,  and   we  may   read 

TABLE    3.      COMBIXIXG    NUMBERS    FOR    CIRCULAR    DUCTS 
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from  rectangular  ducts  in  one  table  to  circular  ducts  in  the  other 
table,  or  vice-versa  without  error.  When,  as  is  usually  the  case, 
the  required  number  comes  between  that  given  for  two  circular 
sizes,  it  must  rest  with  the  judgment  of  the  designer  whether  he 
uses  the  next  larger  size  or  the  next  smaller  size. 


DUCT    DESIGN    BY      DETAIL    METHOD 

Having  now  outlined  the  basic  principles  underlying  the  design 
of  any  duct  system,  we  will  consider  their  application  to  practical 
work  by  carrying  through  the  calculations  of  an  actual  design.  Let 
us  consider  the  duct  system  shown  in  Fig.  3.  It  is  required  to 
deliver  1000  cu.  ft.  of  air  per  minute  from  each  of  the  twelve 
outlets,  A  to  F  inclusive,  and  the  required  friction  drop  from  the 
fan  to  each  outlet  is  to  be  assumed  at  ^4  i"-  This  design  will  be 
worked  out  in  considerable  detail  and  later  on  there  will  be  shown 
shorter  methods  which  may  be  used  and  which,  in  fact,  are  applica- 
ble to  practically  all  of  the  actual  designs  encountered. 

The  first  thing  to  be  done  is  to  determine  the  equivalent  length 
of  duct  from  the  fan  to  each  outlet,  imagining  that  a  separate  duct 
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runs  from  each  outlet  to  the  fan.  Considering  outlet  A,  the  actual 
distance  from  the  fan  to  outlet  A  measured  along  the  duct  is  400 
ft.     This  distance  must  be  increased  for  the  following  bends : 

1  —  45  deg.  elbow  at  outlet, 
1  —  DO  deg.  elbow  in  duct  b, 

1  —  90  deg.  elbow  where  duct  b  branches  from  duct  h, 

2  —  90  deg.  elbows  in  duct  It. 

When  increasing  the  distance  for  bends,  the  amount  added  should 
be  for  a  bend  in  a  duct  carrying  the  entire  amount  of  air ;  thus 
when  considering  outlet  A,  for  the  bends  in  duct  h  we  must  add 
for  two  90  deg.  elbows  in  a  duct  carrying  12000  cu.  ft.  of  air  and 
for  the  bends  in  duct  b,  we  must  add  for  bends  in  a  duct  carrying 
4000  cu.  ft.  of  air  and  so  on. 

The  amounts  to  be  added  then  to  find  the  distance  for  outlet 
A  are: 

1  —  45  deg.  elbow  in  duct  carrying  1000  c.f.m. — 12x10=120  in. — 

say  10  ft.  X  >4  =  5  ft. 
1  —  90  deg.  elbow  in  duct  carrying  4000  c.f.m. — 20x10^200  in. — 

say  17  ft. 

1  —  90  deg.  elbow  in  duct  carrying  4000  c.f.m. — 20xl0=:200  in. — 

say  17  ft. 

2  —  90  deg.  elbows  in  duct  carrying  12000  c.f.m.— 31x10=310  in.— 

say  26  ft.  x  2  =  52  ft. 
Total  to  be  added  for  bends  =  91  ft. 

Then  400  -\-  91  =  491  ft.,  the  equivalent  distance  from  fan  to 
outlet  A.  From  the  diagram  in  Fig.  1,  we  find  that  to  carry  1000 
cu.  ft.  of  air  per  min.,  491  ft.  with  a  drop  of  %  in.  requires  a  duct 
having  a  sectional  area  of  1.49  sq.  ft.,  that  is,  a  duct  approximately 
17  in.  in  diameter,  and  the  velocity  in  such  a  duct  would  be  1000 
divided  by  1.49  =  670  ft.  per  min. 

If  each  duct  ran  separately  to  the  fan  as  assumed,  our  design 
would  be  correct,  but  when  these  imaginary  ducts  must  be  com- 
bined into  mains  or  trunk  ducts,  we  deviate  slightly  from  the  theo- 
retical correctness  of  our  method.  To  find  duct  a  we  must  combine 
the  two  imaginary  ducts  to  outlets  A  by  means  of  Table  2.  The 
combining  number  corresponding  to  1.49  sq.  ft.  is,  by  interpolation: 

N  =^  Nt  -}-  (A  —  At)  X   ^l~  =  98.61  -f  (1.49  —  1.00)  X  144 
=   169.17,  say  169 

Then  169  -|-  169  rr:  338,  the  combining  number  for  duct  a,  which 
by  interpolation  corresponds  to : 

A  =  At  -\-  (N  —  Nt)   X  ^^  =  2.00  4-  (338  —  253)  X  0.0056 

=  2.48  sq.  ft. 

which  is  the  size  required  for  duct  a,  and  the  velocity  in  this  duct 
would  be  2000  divided  by  2.48  or  806  ft.  per  minute. 

In  the  same  manner  the  duct  from  each  outlet  to  the  fan  may  be 
found  and  then  these  imaginary  ducts  combined  by  adding  the  com- 
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billing  numbers  and  determining  the  size  of  the  main  ducts  from 
Table  2.  Table  4  shows  these  results  and  also  shows  a  convenient 
tabulation   for  these  calculations   for  ready  checking. 

The  design  of  the  foregoing  duct  system  has  been  carried  out  in 
considerable  detail  to  make  j)lain  the  method  used,  but  usually  it  is 
not  necessary  to  go  into  so  much  detail  in  the  design  and  the  work 
may  be  shortened  greatly.  However,  the  method  just  described  may 
be  applied  to  any  duct  system,  regardless  of  length  or  bends,  the 
one  fundamental  idea  being  to  assume  the  friction  drop  to  be  the 
same  from  the  fan  or  plenum  chamber  to  each  outlet  so  that  the 
air  will  separate  properly  among  the  different  outlets  with  the 
minimum  use  of  volume  dampers. 


TABLE  4.     APPLICATION  OF  DETAIL  METHOD  TO  SYSTEM  SHOWN  IN  FIG.  3 
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DUCT    DESIGN    BY    "PERCENTAGE    METHOD' 


Referring  now  to  the  values  in  Table  I  it  will  be  seen  that  the 
greatest  distance  from  the  fan  to  any  outlet  was  491  ft.  and  the 
shortest  distance  was  30T  ft.  the  duct  sizes  being  1.49  and  1.24 
sq.  ft.  respectively,  or  a  difference  of  0.25  sq.  ft.  In  some  cases 
such  a  difterence  as  this  might  be  neglected  and  it  would  be  satis- 
factory to  assume  the  same  distance  from  the  fan  to  every  outlet. 
Some  judgment  is  necessary  here  to  determine  when  this  assump- 
tion is  wrong  but  always  when  there  is  any  doubt  the  detail  method 
described  above  may  be  applied  and  the"  actual  difference  deter- 
mined. The  writer  has  found  it  a  good  plan,  when  designing  a 
large  duct  system,  to  determine  the  correct  distance  and  size  by 
the  method  given  above,  for  the  last  outlet  on  any  branch,  using 
this  distance  for  all  the  outlets  on  that  branch.  If  the  duct  system 
is  of  the  type  having  a  number  of  ducts  running  to  dift'erent'parts 
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of  the  building,  we  may  determine  the  distance  and  size  for  one 
duct  in  each  locality  and  then  use  this  distance  for  all  ducts  nearby. 
In  the  duct  system  shown  in  Fig.  3  let  us  assume  that  the  distance 
from  the  fan  to  every  outlet  is  491  ft.  We  could  then  go  ahead 
with  the  calculations  as  outlined  above,  simply  making  this  change, 
but  the  following  method,  which  we  will  call  the  percentage  method, 
is  considerably  shorter  and  accomplishes  the  same  result. 

Outlet  A  handles  1000  cu.  ft.  of  air  per  min.  and  the  total  air 
handled  by  the  fan  is  12,000  cu.  ft.  per  min.,  so  the  amount  in  outlet 
A  is  1/12  or  8.33  per  cent  of  the  total.  The  combining  number  for 
outlet  A  is  169  as  found  before,  so  169  divided  by  0.0833  =  2030 
would  be  the  combining  number  for  the  duct  carrying  the  total 
amount  of  air,  that  is,  duct  h.  This  corresponds  to  a  duct  having 
9.24  sq.  ft.  area  and  the  velocity  would  be  1300  instead  of  1400  as 
found  by  the  detail  method,  a  difference  which  is  an  error  on  the 
safe  side.  It  would  be  possible  to  reduce  this  difference  if  the 
average  distance  had  been  used  instead  of  the  greatest  distance,  but 
the  writer  prefers  to  use  the  greatest  distance  when  designing  by  this 
method,  because  it  will  always  give  ducts  slightly  oversize,  while 
if  the  average  distance  had  been  used,  some  ducts  would  have  been 
oversize  and  some  undersize. 

Having  found  the  main  duct,  all  others  may  be  found  from  it. 
Take  for  instance  duct  d.  Duct  d  carries  4000  cu.  ft.  per  min., 
or  4000  divided  by  12,000  ==  33  1/3  per  cent  of  total.  The  combin- 
ing number  for  duct  d  then  must  be  33  1/3  per  cent  of  the  combin- 
ing number  for  the  main  duct,  that  is,  2030  times  0.33  1/3  =  G76, 
corresponding  to  a  duct  having  a  sectional  area  of  4.11  sq.  ft.  with 
a  velocity  of  974  instead  of  1110.  Table  5  shows  the  duct  and 
outlet  sizes  as  found  by  the  detail  method  and  by  the  above  per- 
centage method. 

This  percentage  method  of  designing  .ducts  may  be  shortened  by 
the  use  of  diagrams  which  graphically  make  the  calculations  given 
above,  these  diagrams  being  given  in  Figs.  4,  5  and  6.  They  are 
constructed  so  that  a  straight  line  drawn  from  any  point  on  scale  A 
through  a  point  on  the  percentage  scale  B  will  cut  scale  C  at  a  point 
showing  the  size  of  the  branch  duct  required.  Obviously  these 
diagrams  may  be  used  in  the  reverse  direction  to  find  the  main  duct. 
In  the  case  just  given,  outlet  A  is  1.49  sq.  ft.  and  carries  8.33  per 
cent  of  total  air.  In  Fig.  5  on  scale  C  showing  branch  duct,  place 
a  straight-edge  cutting  scale  C  at  1.49  and  scale  B  at  8.33  per  cent 
and  it  will  cut  scale  A  at  9.24  sq.  ft.  which  is  the  size  of  main 
duct,  that  is,  duct  h.  With  this  as  a  basis,  each  of  the  other  ducts 
may  be  found.  Take  duct  d  for  instance,  this  duct  carries  33  1/3 
per  cent  of  the  air  in  duct  h.  Now  place  a  straight-edge  cutting  scale 
A  at  9.24  (the  main  duct)  cutting  scale  B  at  33  1/3  (the  per  cent 
of  the  air  in  the  branch  under  consideration)  and  it  will  cut  scale  C 
at  4.11  sq.  ft.,  the  size  required  for  duct  d.  In  a  similar  manner,  the 
sizes  of  all  the  different  branches  may  be  found  with  no  calculations 
whatever,  except  to  determine  the  percentage  of  the  total  air  in 
each  branch,  which  is  the  simplest  kind  of  arithmetic. 
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DUCT  DESIGN  BY  "COMBINED   METHOD" 

In  the  method  just  given,  we  assumed  the  distance  from  the  fan 
to  every  outlet  as  the  same.  This  method  is  satisfactory  for  small 
systems,  and  even  the  system  shown  would  operate  satisfactorily 
although  some  of  the  ducts  would  be  considerably  oversize,  making 
dependence  on  volvmie  dampers  more  important  and  also  increasing 
the  cost  of  installation.  If,  instead  of  considering  this  duct  system 
as  a  whole,  we  had  designed  each  of  the  three  branches  separately 
we  would  get  results  approaching  much  nearer  those  obtained 
by  the  detail  method.  For  instance,  let  us  consider  the  branch  duct 
containing  the  outlets  A  and  B,  considering  this  branch  as  a  complete 
duct  system  and  assuming  that  the  distance  from  the  fan  to  all  out- 
lets on  it  is  the  same  as  for  outlet  A,  that  is,  4!)1  ft.,  the  area  being 
as  found  before  (1.49  sq.  ft.)  and  the  combining  number  16!).  This 
outlet  carries  1000  cu.  ft.  of  air  per  min.,  or  25  per  cent  of  the  total 
air  in  this  branch,  so  the  combining  number  for  duct  b  is  169 
divided  by  0.25  =  676,  corresponding  to  a  duct  having  an  area  of 
4.11  sq.  ft.,  giving  a  velocity  of  974  instead  of  1000  as  found  by 
the  detail  method.  This  duct  size  could  also  have  been  obtained 
from  the  diagram  in  Fig.  5  without  calculations  as  explained  before. 
Having  found  duct  b,  duct  a  may  be  found  by  using  the  combining 
numbers  or  from  the  diagram  in  Fig.  5  by  determining  a  duct  to 
carry  50  per  cent  of  the  air  carried  by  duct  b,  and  will  be  found  to  be 
a  duct  having  a  sectional  area  of  2.48  sq.  ft.  In  like  manner,  ducts 
d  and  /  may  be  found,  considering  the  distance  from  the  fan  to  all 
outlets  to  be  the  same  as  for  the  last  outlet  on  each  branch.  After 
ducts  d  and  /  are  found,  as  outlined  above,  they  must  be  combined  by 
means  of  Table  2  to  find  duct  g  and  then  ducts  /;  and  g  must  likewise 
be  combined  to  find  duct  //.  The  duct  sizes  and  velocities  as  found 
by  this  method,  which  we  will  call  the  combined  method,  are  shown 
in  the  last  two  columns  of  Table  4  and  it  will  be  seen  how  very  closely 
they  correspond  to  tbe  values  found  l)y  the  detail  method. 

This  combined  method  is  the  one  which  is  applicable  to  the  ma- 
jority of  cases,  and  several  years'  use  has  shown  it  to  give  very  sat- 
isfactory results.  The  saving  in  time  is  not  so  pronounced  in  the 
instance  cited  in  Fig.  3  because  there  are  so  few  outlets  on  each 
duct,  but  in  a  large  system  with  a  number  of  outlets  on  each  branch, 
the  time  saved  is  considerable. 

In  the  above  cases,  the  velocity  has  also  been  determined,  and 
while  this  velocity  plays  no  actual  part  in  the  calculations  it  is  well 
to  find  it  each  time  for  a  check  on  the  calculations  and  also  because 
limiting  velocities  are  often  required  in  many  parts  of  a  duct  system. 

It  will  be  found  that  this  method  of  "designing  ducts  is  very  con- 
venient, and  also  very  rapid  after  it  has  been  used  a  short  time.  A 
handy  scheme  in  designing  a  long  trunk  duct  with  many  branches,  is 
to  place  a  pin  through  scale  A  at  the  point  re]:)resenting  the  main 
duct,  the  straight-edge  being  placed  against  the  pin  each  time  so  that 
only  the  point  on  the  i)ercentage  scale  needs  to  be  watched  and  after 
the  percentage  of  the  air  in  each  branch  is  determined,  it  will  be 
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found  possible  to  read  off  the  duct  sizes  almost  as  fast  as  the  figures 
cah  be  put  down.  Note  that  the  diagrams  in  Figs.  1,  2,  4,  5  and  G 
may  either  be  read  in  area  of  rectangular  ducts  or  in  diameter  of 
round  ducts.  This  saves  figuring  them  one  way  and  then  changing. 
One  may  also  read  from  a  round  duct  on  one  scale  to  a  rectangular 
duct  on  another  scale  on  the  same  diagram. 

ASSUMED    FRICTION    DROP 

The  design  of  ducts  as  described  above  is  dependent  entirely  upon 
an  assumed  friction  drop,  the  selection  of  which  value  must  rest 
largely  with  the  designer.     This,  however,  is  the  only  assumption 
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made  throughout  the  calculations,  so  that  a  difference  cannot  affect 
the  working  of  the  various  parts  of  the  system,  but  only  the 
pressure  under  which  the  system  as  a  whole  operates.  The  proper 
operating  pressure  to  be  used  is  largely  a  result  of  practical  experi- 
ence, but  there  are  several  conditions  which  may  serve  as  guides  in 
determining  it. 

In  a  plenum  chamber  system  with  heating  and  tempering  coils 
and  an  air  washer,  usually  about  %  in.  will  be  found  the  best 
pressure  to  use  in  designing  the  ducts  and  the  fan  will  then  operate 
at  from  1  in.  to  1^  in.,  depending  on  many  local  conditions.  In 
a  system  without  a  plenum  chamber,  but  where  the  discharge  ducts 
connect  directly  to  fan  or  heating  coil  enclosure,  and  where  an  air 
washer  is  used,  3/16  in.  or  }i  in.  may  be  used.  In  the  same  type 
system,  without  an  air  washer,  such  as  is  common  in  many  shops, 
%  in.  or  5/16  in.  may  be  used.  In  a  system  where  there  are  no 
heating  coils,  such  as  the  usual  exhaust  system,  a  pressure  of  ^.  in. 
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may  often  be  used,  and  sometimes  a  liiolicr  jiressnre.  If  smooth 
concrete  or  tile  pipe  ducts  are  used,  tlie  friction  drop  to  be  assumed 
may  be  the  same  as  that  for  sheet  iron  ducts,  but  for  rough  ducts  of 
brick  or  the  Hke,  it  should  not  be  greater  than  from  50  to  60  per  cent 
of  the  value  for  sheet  iron  ducts  for  the  same  actual  friction  drop. 

As  the  pressure  to  be  used  is  largely  a  result  of  determining  the 
most  economical  operating  condition,  a  higher  pressure  is  often  per- 
missible where  a  steam  engine  is  used  to  drive  the  fan,  and  the  ex- 
haust steam  is  used  in  the  coils.  In  some  classes  of  work  such  as 
schools,  theatres,  office  buildings  and  the  like,  the  question  of  noise 
is  very  important,  and  the  pressure  used  must  give  a  velocity  which 
is  low  enough  to  cause  no  objectionable  noise.  In  shops,  usually 
this  limitation  does  not  exist  and  so  a  higher  velocity  is  very  often 
permissible. 

The  whole  question  of  the  pressure  to  be  used  is  one  which  is  so 
largely  afifected  by  local  conditions  that  no  definite  rule  can  he  given 
and  the  designer's  experience  must  tell  him  what  is  best.  If  the 
designer  has  been  using  velocity  methods  of  design,  and  has  in  mind 
limiting  velocities,  then  these  will  he  excellent  guides  in  determining 
the  proper  pressure  drop.  However,  it  must  be  remembered  that 
at  only  one  place  in  the  system  can  we  set  an  arbitrary  velocity ;  at 
all  other  places  the  design  must  be  calculated  by  one  of  the  methods 
described  above.  We  could,  for  instance,  set  the  velocity  in  the 
main  duct  at  1500  ft.  per  min.,  from  which  we  could  immediately 
find  the  size  of  main  duct  required  without  reference  to  friction  drop, 
but  after  this  one  duct  is  determined,  all  branches  must  be  calcu- 
lated and  we  must  not  expect  to  assign  arbitrary  velocities  to  any  of 
the  other  parts  of  the  system.  We  can,  of  course,  always  reduce  the 
velocity  if  that  determined  is  too  high  for  some  particular  reason, 
as  this  means  simply  a  larger  duct  flaring  from  the  smaller  one, 
sometimes  with  dififusers.  For  instance,  if  we  want  to  limit  the 
velocity  from  any  outlet  in  Fig.  3  to  500  ft.  per  min.,  the  design 
would  be  exactly  the  same  as  given,  but  at  each  outlet  we  would 
have  to  put  on  a  short  flaring  duct  to  increase  the  area  to  2  sq.  ft.  and 
possibly  would  also  have  to  use  diffusing  vanes,  depending  upon  the 
actual  design.  Obviously,  we  could  start  with  a  velocity  of  500  in 
the  outlets,  making  them  2  sq.  ft.  in  area  and  working  back  by 
means  of  the  combining  numbers,  letting  the  size  of  the  main  duct 
come  what  it  will. 

Some  designers  advocate  using  the  size  of  the  fan  outlet  for  the 
size  of  the  main  duct.  This  plan  cannot  be  recommended  as  a  uni- 
versal rule,  since,  unless  the  duct  system  is  very  short  and  direct, 
the  size  would  be  so  small  as  to  give  too  high  a  velocity  and  operating 
pressure. 

The  one  cardinal  point  to  keep  in  mind  is  that  we  must  only  make 
one  assumption,  whether  it  be  a  velocity  condition  or  a  pressure  drop, 
or  whether  it  applies  to  the  main  duct  or  branch,  and  all  other 
velocities  or  duct  sizes  must  be  calculated  by  one  of  the  methods 
described  above. 
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DISCUSSION 

L.  A.  Harding  :  I  think  this  paper  demands  more  than  just  pass- 
ing notice.  The  author  has  worked  out  a  scheme  which  he  claims 
will  work,  in  the  design  of  ducts  and  branch  ducts  on  the  basis  of 
static  pressure.  It  is  not  theoretically  impossible  to  design  a  system 
of  branch  ducts  in  which  static  pressure  only  is  used.  As  you  all 
know,  the  total  pressure  of  a  duct  at  any  point  is  equal  to  the  sum 
of  the  friction  pressure  losses  beyond  that  point,  plus  the  final 
velocity  pressure.  If  you  neglect  the  final  velocity  pressure  you  will 
not  arrive  at  anything  like  accurate  results. 

It  is  a  matter  of  simple  calculation  to  show  that  ducts  so  propor- 
tioned will  not  deliver  the  quantities  of  air  stated  without  volume 
dampers.  What  the  author  is  attempting  to  accomplish  in  this 
paper  is  the  design  of  a  branch  duct  system  in  which  we  may  omit 
all  dampers.  Now  that  can  be  done.  It  is  not  however  usually 
satisfactorily  accomplished  and  I  doubt  if  very  many  members  of 
this  Society  ever  designed  a  complicated  system  of  branch  ducts 
without  the  use  of  dampers.  Referring  to  Fig.  3  the  last  outlet  has 
a  diameter  of  16  in.  There  is  75  ft.  between  that  point  and  the 
next  outlet,  which  is  outlet  B,  very  close  to  the  same  diameter.  And 
if  outlet  B  will  deliver  the  same  quantity  of  air  which  outlet  A  is 
delivering  a  calculation  will  show  that  outlet  B  would  have  to  be 
reduced  to  approximately  14  in.  to  deliver  the  quantity  of  air 
stated. 

The  author  states  on  the  first  page  in  effect  that  the  correct 
method  to  use  in  the  design  of  branch  ducts  or  any  duct  system 
is  the  total  pressure  method ;  and  yet  his  conclusions  are  to  the  effect 
tliat  one  can  design  a  duct  system  with  static  pressure  only.  A 
straight  duct  system  can  be  designed  by  the  latter  method,  but  it 
does  not  appear  practical  for  branch  duct  design. 

Referring  to  Fig.  3,  outlets  A  and  B,  main  a,  and  making  use  of 
the  usual  friction  pressure  loss  formula  and  taking  the  loss  by  entry 
into  a  45  deg.  branch  as  0.22  of  the  velocity  pressure  of  the  branch, 
we  have  for  the  total  pressure  in  main  a  at  outlets  B  : 

Final  velocity  pressure  (670  ft.  per  min.)  =  0.02T  in. 
Loss  by  entry  to  outlet  A,  0.022  x  0.027  =  0.006  in. 
Loss  75  ft.  duct,  0.75  x  0.06  =  0.0J5  in. 


Total   Pressure  0.078  in. 

Outlets  B  as  designed  are  Ki  in.  in  diameter.  The  total  pressure 
required  at  this  point  to  deliver  1000  cu.  ft.  per  min.  is : 

Velocity  pressure  (715  ft.  per  min.)  =  0.03    in. 

Loss  by  entry,  0.23  x  0.03  0.007  in. 


Total  Pressure  0.037  in. 

This  is  seen  to  be  only  one-half  the  total  pressure  as  previously 
calculated. 


No.  506 

ARRANGEMENT    OF    HEATING    PIPES    AN 

IMPORTANT  FACTOR  IN  DECAY  OF 

FACTORY  ROOFS 

By  F.  J.  Hoxie\  Boston,  Mass. 
Non-Member 


THE  rapid  destruction  of  saw-tooth  weave  shed  roofs  by 
decay  within  the  last  few  years  has  progressed  to  an  alarm- 
ing extent.  A  considerable  part  of  this  destruction  can  be 
stopped  by  changes  in  the  arrangement  of  the  heating  pipes,  which 
will  also  reduce  trouble  from  water  dripping  from  the  ceiling  in 
cold  weather. 

The  primary  cause  of  the  decay  is  doubtless  the  use  of  artificially 
humidified  air  in  buildings  in  which  relative  humidity  of  from 
70  to  80  per  cent  at  a  temperature  of  70  deg.  fahr.  is  maintained  the 
year  round,  which  means  that  1  cu.  ft.  of  air  will  contain  about  6 
grains  of  moisture  and  the  dew-point  will  be  63  deg.  fahr.  A  drop 
in  temperature  of  10  deg.  will  cause  precipitation  of  drops  of 
water. 

Modern  weaving  buildings  have  very  large  roof  and  win- 
dow areas  exposed  to  the  cold  winter  temperature,  the  result  being 
that  the  part  of  the  roof  plank  which  is  at  or  below  the  temperature 
of  the  dew-point  of  the  air  in  the  building,  absorbs  sufficient  water 
to  come  within  the  requirements  of  some  of  the  wood-rotting  fungi. 
The  location  and  extent  of  the  heating  pipes  will  generally  be 
found  to  have  a  direct  bearing  on  the  location  of  the  parts  most 
rapidly  destroyed. 

In  one  New  Bedford  weave  shed,  shown  in  Fig.  ],  a  heating  coil 
extended  half  the  length  of  a  bay.  The  part  of  this  roof  over  the 
heating  coil  has  been  on  18  years  and  is  still  in  service,  while  the 
remainder  of  it  was  entirely  destroyed  and  replaced.  The  center 
saw-tooth  in  a  weave  shed  500x350  ft.  had  the  main  steam  pipe 
supplying  all  of  the  circulation  at  its  base  and  extending  three-quar- 
ters the  length  of  the  building,  while  the  circulation  pipes  were  in 
the   customary   location   under   the   windows.      This   saw-tooth   is 

^  Eneineer  and  Special  Inspectdr,  Associated  Factory  Mutual  Insurance  Companies, 
31    Milk    Street,    Boston,    Mass. 

Paper  presented  at  tlie  Annual  Meeting  of  Tite  .American  Society  of  Heating  and 
Ventilating   Engineers,    New   York,    January,    1919. 
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FIG.   1.     EXAMPLE  OF  DECAY  Ii\   ROOF  PLANKING  OF  A  FACTORY 

Steam  pipes   half   the   length   of  tliis  bay   have   prevented    rotting,   while    in   the   other 
half  the  roof  planks  were  entirely  destroyed. 


ITc;.  2.      EXAMPLE  OF   PREVENTION   OF   DECAY  OF   ROOF   I5Y   STEAM    PIPES 


Main  slcani  pipe  niuk-r  the  lower  part  of  tin's  sawtdoth  prevcntetF  i-ottinii;  as  far  as 
it  extended;  immediately  beyond  the  cross-pii)c  where  the  main  pipe  ends,  fungus  plants 
are  seen  in  roof  planking. 
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apparently  in  a  good  state  of  i^reservation  as  far  as  the  steam  pipe 
extended,  fungus  growths  commencing  directly  at  the  end  of  this 
steam  pipe  as  shown  in  Fig.  2,  while  the  remainder  of  the  roof, 
most  of  which  was  in  the  condition  shown  in  Fig.  3,  has  been  re- 
placed after  !)  years  service.  It  a])pears  that  better  results  can  be 
obtained  b}'  locating  part  of  the  steam  pipes  at  the  back  of  the  saw- 
tooth farthest  from  the  windows  as  shown  in  Figs.  4  and  5.  In  at 
least  one  case  where  the  pipes  were  located  three  on  each  side  of 
the  bay,  as  shown  in  Fig.  4,  the  roof  is  still  in  service  at  the  end  of 
IT  years,  although  other  parts  of  this  same  roof  with  all  the  heating 
pipes  under  the  windows  have  rotted  and  been  replaced. 

Details  of  construction,  such  as  thin  metal  ventilators,  metal  roof 
drains,  sky-lights  and  windows  which  radiate  more  heat  than  other 
parts  of  the  roof  and  thereby  keep  the  air  in  their  vicinity  cooler 


FIG.   3.     AX   EXAMPLE  OF   RUOF  PLAXKIXG  THAT   ROTTED  IX   XIXE  YEARS 

This   roof  \vas  originally   sheathed,   but   the   sheathing   has  been    removed,  showing   the 
fungus  plants  and  rotted  wood   of  the  planking  that  were  above  it. 

than  in  other  parts  of  the  building,  will  accelerate  the  destruction,  as 
shown  in  Figs.  G  and  T.  The  cure  which  suggests  itself  is  to  pre- 
vent the  escape  of  heat  by  increasing  the  insulation,  by  use  of  steam 
pipe  covering  for  drain  pipes,  covers  of  heavy  plank  for  ventilator 
openings,  and  by  increasing  the  insulation  of  the  roof  by  making 
it  double,  with  a  covering  of  tarred  paper  mopped  on,  between  the 
two  thicknesses  of  plank  so  as  to  prevent  the  moisture  from  within 
from  passing  through  the  plank  and  saturating  the  outer  portions, 
thereby  decreasing  the  insulating  power  and  starting  rot  in  the 
outer  or  center  part  of  the  plank,  wliich  is  very  common,  as  shown 
in  Figs.  8  and  9. 

It  may  sometimes  be  found  more  convenient  to  increase  the 
amount  of  heat  rather  than  to  reduce  the  loss  by  increasing  the 
insulation.  Either  procedure  will  produce  the  same  effect  if  due 
care  is  given  to  preventing  the  moisture  from  penetrating  the  roof 


92 


Transactions  of  Am.  Soc.  of  Heat.  &  Vent.  Engineers 


FIG.  4.     VIEW  OF  ROOF  PLANKING  THAT  I.S  IN  GOOD  CONDITION  AFTER  17 

YEARS  OF  SERVICE,  WHILE  OTHER  SAW-TOOTH  ROOFS  IN  SAME 

BUILDING  HAVE  DECAYED 

Part   of  the  steam    heating   pipes   in   this  bay   are   at   the   back    of   the   saw-tooth,  while 
in  those   where   rotting  occurred,   they    were  all    in    tlie    usual    position    under   the   windows. 


jiy[^^#^ 


^^ 


FIG     5       EXAMPLE    OF    ROOF   PLANKING    ON    A   SAW-TOOTH    THAT   IS    COM 

PARATIVELY  SOUND,  WHILE   REMAINDER  OF  ROOF   WAS 

REPLACED  AFTER  NINE  YEARS 

The   main    steam   heating   pipe   that   supplies   the    building   extends   along   the    base   of 
this  saw-tooth. 
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planks  and  condensing  on  the  outer  side.  This  is  particularly  im- 
portant if  absorbent  felts  have  been  used  on  the  outside  of  the  roof, 
for  insulation,  in  which  case  the  moisture  will  reduce  the  insulation 
and  also  encourage  fungus  growths. 

Sheathing  on  the  inside  of  roofs  with  an  air  space  has  been  used 
in  several  cases  to  increase  the  heat  insulation  and  prevent  sweating 
and  is  generally  regarded  as  an  efficient  remedy.  The  empty  air 
.space  is  of  little  value  as  a  heat  insulator  and  makes  an  excellen: 
place  for  the  propagation  of  wood  rotting-fungi  as  shown  in  Fig.  3. 
Moisture  can  pass  through  the  sheathing  and  become  pocketed  under 


FIG.   6.      EXAMPLE   OF   ROOF   PLANKING   DECAYED   ABOUT   THE   SKYLIGHT.' 

OF   A   FACTORY,    WHERE   THE   TEMPERATURE   WAS    SOMEWHAT 

REDUCED    BY    RADIATION   THROUGH   THE   GLASS 


the  roof  planks.  This  space,  being  colder  than  the  room,  is  gen- 
erally below  the  dew-point.  The  result  is  that  an  abundant  growth 
of  destructive  fungi  occurs  within  this  space.  In  one  case  where 
rotting  had  started  in  a  comparatively  new  mill,  holes  were  bored  to 
the  outside  air  and  covered  with  a  strip  to  keep  out  the  weather, 
and  at  the  same  time  to  allow  the  moisture  to  escape  and  dry  outer 
air  to  enter,  the  heat  of  the  room  keeping  the  space  between  the 
roof  plank  and  sheathing  above  the  dew-point  of  this  dryer  air  from 
outside.  iMoist  air  of  the  room  is  carefully  excluded  from  this 
space. 

Moisture  carried  by  air  currents  set  up  by  the  heating  pipes  is 
next  in  importance  to  the  dew-point  of  the  air  in  causing  rot  in 
roofs.  The  arrangement  of  heating  pipes  commonly  found  in  saw- 
tooth roofs  shown  in  Fig.  in  would  be  expected  to  cause  a  circula- 


94 


Transactions  of  Am.  Soc.  of  Heat.  &  Vent.  Engineers 


tion  of  air  about  as  shown  by  the  arrows.  Moisture  from  the 
humidifiers  will  therefore  be  constantly  carried  up  by  the  air  current 
and  deposited  on  the  cooler  windows  and  roof,  not  only  rotting  the 
woodwork  but  causing  dripping.  The  arrangement  of  heating  coils 
shown  in  Fig.  11  should  reduce  the  air  circulation  by  keeping  the 
highest  part  of  the  roof  at  the  highest  temperature,  thereby  pre- 
venting the  air  from  serving  as  a  carrier  of  moisture  from  the 
humidifiers  to  the  roof  planks. 

Paper  mills  and  finishing  works  conditions  can  be  improved  by 
more  ventilation,  as  the  problem  there  is  to  get  rid  of  the  moisture. 
Where  large  quantities  of  moisture  are  to  be  disposed  of,  a  large 
amount  of  air  will  be  required  and  provision  should  be  made  not 
only  to  remove  this  air  but  to  admit  and  heat  sufficient  air  to  meet 


I-IC.  7.     EXAMPLE  OF  ROOF  PLANKING  AND   BE.\M   DECAYED  NEAR  A  VEN- 
TILATOR IN  A  SAW-TOOTH,  DUE  TO  RADIATION   OF  HEAT  THROUGH 
THE  THIN  METAL  COVER  OF  BOTTOM  OF  VENTIL.VTOR 


the  requirements  of  the  exhausting  system  without  running  part  of 
the  air  circulation  system  backwards,  as  is  frequently  done ;  that  is, 
the  exhaust  ventilators,  instead  of  carrying  away  the  moisture-laden 
air,  are  admitting  cold  air.  in  one  part  of  the  room  owing  to  a  con- 
sider^rbly  higher  temperature  under  the  ventilators  in  another  part, 
when  the  ventilation  is  the  result  of  difi^erences  in  temperature  only. 
If  fans  are  used  and  no  provision  made  to  introduce  dry  warm  air 
in  sufficient  (juantities  to  replace  that  removed,  cold  air  will  be 
drawn  in  about  windows  or  doors  and  cause  jirccipitation  and  rot- 
ting of  the  wood  thus  kept  moist.  An  opening  near  the  floor  is 
advisable  with  suitable  steam  coils  for  warming  the  incoming  air 
and  supplying  it  in  sufficient  quantities  to  keep  the  air  of  the  room 
at  a  reasonable  moisture  content,  which  probably  to  avoid  rotting, 
should  not  be  over  (i  grains  of  water  per  cubic  foot.  In  a  large  paper 
mill  or  finishing  works  (sometimes  evaj^orating  more  than  50  tons 
of   water  per   day)    this   will   require  a  large  amount  of   air.     I 
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FIG.  8.  VIEW  OF  DECAY  IN  PLANKING  FROM  PAPER  MILL  ROOF 

These    4-in.    planks    of    southern    pine    had    rotted    through    the    middle    where    the 
moisture   was   favorable   for   the  growth   of   fungus. 


.^.         ■  ,«.■■—-  % 


FIG.  9.     DECAYED   ROOFING  I'LAXKS   FROM   A   BLEACHERY   KOOF 


The  upper  half  rotted  away  while  the  low-er  portion  is  still  sound,  owing  to  moisture 
being  suitable  for  fungus  growth  at  the  top  and  insufficient  at  the  bottom.  As  the 
wood  rotted,  the  insulation  became  less,  and  the  moisture  and  rot  gradually  extended 
downward. 
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FIG.    10.     SECTION'   OF   A   SAW-TOOTH   ROOF,  SHOWING   COMMON  LOCATION 

OF   HEATING   TIPES  AND  THE   AIR   CURRENTS   CAUSED   BY  THEM, 

WHICH  DEPOSIT  MOISTURE  FROM  THE  HUMIDIFIERS  ON 

THE  WINDOWS  AND   ROOF 


believe  it  may  be  possible  to  increase  the  economy  of  this  ventilation 
by  returning  some  of  the  latent  heat  of  evaporation  of  the  outgoing 
moisture  to  the  incoming  air  by  use  of.  an  air  condenser  in  the 
ventilators,  but  I  have  never  heard  of  this  being  done. 

Rotting  in  moist  basements  can  more  frequently  be  stopped  by 
the  introduction  of  suf^cient  radiated  heat  to  keep  the  contained  air 
above  the  dew-point  than  by  ventilation,  as  it  is  generally  difficult 
to  control  the  temperature  of  the  air  used  for  ventilation  if  it  is 


ncm  dia.  nOLE 


PIG.  11.    AN  EXAMPLE  OF  HEATING  PIPES  LOCATED  CLOSE  TO  THE  CEILING 

AND  PART  OF  THEM  NEAR  THE  TOP  OF  THE  SAW-TOOTH  TO  KEEP 

THE  ROOF  PLANKS  WARM  AND  DRY,  AND  PREVENT  UPWARD 

CURRENTS  OF  MOISTURE-CARRYING  AIR 
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taken  from  out-of-doors.  The  introduction  of  cold  air  into  a  warm 
moist  basement  will  cause  rotting  rather  than  prevent  it,  as  it  will 
reduce  the  temperature  and  precipitate  moisture,  while  the  introduc- 
tion of  a  small  amount  of  heat  into  such  a  basement  will  raise  the 
temperature  above  the  dew-point  and  thereby  stop  the  rotting. 

1  have  found  several  cases  where  steam  pipes  near  the  ceiling  of 
a  basement  prevented  rotting  when  the  ground  underneath  was  cov- 
ered with  water  as  shown  in  Fig.  12.  The  water,  being  colder 
than  the  ceiling,  assisted  in  preventing  precipitation  by  regulating 
the  amount  of  moisture  in  the  air. 


FIG.  12. 


EXAMPLE  OF  PREVENTION  OF  DECAY  OF  TIMBERS  IN  MOIST 
BASEMENT,  BY  HEATING  PIPES 


Heating  pipes  are  located  on  ceiling  of  basement,  over  a  stream  of  water,  and  timbers 
are  still  sound,  while  other  parts  of  this  basement  not  so  protected   have  rapidly  rotted. 


DISCUSSION 

Walter  S.  Tim  mis:  I  had  an  experience  which  bears  out  the 
statements  of  Air.  Hoxie.  In  a  reinforced  concrete  building  on  39th 
St.,  New  York,  the  floors  were  laid  on  top  of  a  concrete  slab,  there 
being  the  usual  screeds  placed  on  the  top  of  the  slab  and  the  inter- 
mediate space  being  covered  with  a  filling  of  concrete.  On  top 
of  the  screeds  there  was  placed  a  1^4  i"-  maple  floor.  The  floors 
of  that  building  (the  McGraw  Building)  were  all  right  except  the 
office  floor,  which  was  covered  with  linoleum;  there  the  major 
portion  of  the  floor  suffered  from  dryrot,  simply  because  the  mois- 
ture which  either  was  in  the  maple  or  in  the  concrete,  could  not 
get  away.  The  linoleum  covering  over  the  floor  caused  the  dryrot 
to  take  place,  and  it  was  noticeable  that  pieces  of  that  maple, 
which  is  very  hard  and  under  normal  conditions  will  wear  twenty 
or  thirty  years,  could  be  easily  broken  in  short  pieces  an  inch  long. 
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L.  A.  Harding  :  I  wish  to  corroborate  that  same  experience.  We 
have  taken  up  several  floors  within  the  last  two  months  that  were 
put  in  several  years  ago  and  covered  with  linoleum  or  other  covering. 
This  particular  subject  seems  to  be  one  that  very  few  engineers 
know  anything  about,  and  is  of  particular  importance  to  those  of  us 
who  are  engaged  in  industrial  plant  work.  During  the  last  two 
years  fully  75  per  cent  of  the  industrial  plant  buildings  built  in  this 
country  have  a  wood  roof  deck.  It  seems  to  me  it  is  up  to  the  heat- 
ing engineer  to  protect  those  roofs  as  it  is  apparently  a  heating 
problem,  according  to  Mr.  Hoxie.  We  haven't  heard  any  statement 
made  in  reference  to  the  amount  of  heat  required  to  prevent  the 
growth  of  fungi  in  wood  roof  construction.  It  is  something  I 
think  all  will  be  interested  in  who  have  anything  to  do  with  indus- 
trial heating  in  the  next  few  years. 

James  H.  Davis  :  I  would  like  to  ask  Mr.  Hoxie  if  creosote 
treatment  would  prevent  that  to  any  degree. 

W.  S.  TiMMis:  I  would  like  to  ask  Mr.  Hoxie  whether  he  has 
observed  any  difference  in  dry  rot  in  mills  where  the  blast  system 
of  heating  has  been  used  as  against  the  direct  radiation. 

The  President:  I  would  also  like  to  ask  Mr.  Hoxie  if  any  of 
the  investigations  that  he  has  carried  on  indicate  to  any  degree  what 
relative  humidity  must  have  been  reached  to  propagate  fungi. 

Frederic  F.  Bahnson  :  I  would  like  to  ask  Mr.  Hoxie  if  he  has 
found  any  effect  from  circulation.  The  place  where  the  mill  man 
wants  the  humidity  and  his  heat  is  not  in  the  sawtooth,  but  down 
where  the  people  work.  It  is  a  question  in  my  mind  whether  a  thor- 
ough circulation  of  the  air  will  not  give  just  as  good  results  as  trying 
to  heat  up  near  the  ceiling.  The  average  humidifier  creates  an 
actual  air  current  towards  the  ceiling.  We  all  know  that  water  vapor 
rises ;  otherwise  we  should  never  have  any  clouds.  Consequently 
we  get  most  of  the  heat  and  humidity  near  the  ceiling.  If  you  can 
blow  that  heat  and  humidity  down  wouldn't  it  give  a  better  effect 
in  a  mill  and  wouldn't  it  have  the  same  effect  that  will  be  found  in 
the  department  store  where  they  absolutely  prevent  any  condensation 
on  the  windows  by  using  an  electric  fan  all  through  the  winter?  It 
seems  to  me  it  would  be  more  economical  and  helpful  to  the  op- 
erators if  that  situation  could  be  handled  through  air  circulation 
rather  than  through  excessive  heating  up  against  the  roof,  where  it 
doesn't  do  any  good  to  anybody  except  to  create  loss  through  the 
roof. 

W.  H.  Carrier  :  On  some  of  the  questions  that  have  been  asked 
I  have  had  a  little  experience.  In  the  drying  of  certain  materials 
I  have  had  occasion  to  determine  fairly  accurately  the  point  where 
fungous  growths  will  begin  and  where  they  will  be  prevented,  for 
certain  temperatures,  i.e.,  temperatures  between  80  and  100  deg.  We 
found  that  fungus  growths  would  occur  somewhere  in  the  neigh- 
borhood of  between  80  and  90  per  cent,  certainly  at  90  and  possibly 
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as  low  as  85  per  cent  relative  humidity ;  that  is,  they  will  certainly 
occur  at  90  and  possibly  a  little  lower ;  while  at  between  80  and  85 
per  cent  actual  humidity  of  air  in  contact  with  material  they  will 
not  occur.  That  does  not  refer  to  outside  walls,  which  we  know 
are  colder  than  our  air;  and  there  is  a  much  higher  relative  hu- 
midity at  that  surface  film.  For  instance,  we  could  have  50  per 
cent  relative  humidity  in  a  room  and  no  fungus  growths,  with 
very  little  air  circulation,  due  to  the  fact  that  it  is  very  cold  outside 
and  there  would  be  a  tendency  for  the  moisture  to  start  practically 
even  at  once.  I  would  say,  too,  that  the  lower  limits  from  85  per 
cent  are  where  material  contained  a  greater  moisture  than  the  air, 
that  is,  did  not  correspond  with  the  air.  But  I  know  that  with  the 
material  dried  out  at  that  point  and  reheated,  there  will  be  fungous 
growths  occurring  in  the  neighborhood  of  90  per  cent.  .\rid  where 
they  occur  at  lower  conditions  it  is  merely  due  to  moisture  or  tem- 
perature produced  by  temperature  or  heat  on  the  surface  film. 

The  Author:  Undoubtedly  roof  planks  thoroughly  treated  with 
creosote  would  resist  the  wood  destroying  fungi  but  there  \yould  be 
several  objections  to  the  use, of  such  material  on  the  ceiling  of  a 
weaving  room.  Chief  among  these  objections  would  be  the  possi- 
bility of  stains  from  either  creosote  or  discolored  water  dripphig 
from  the  ceiling,  difficulty  of  painting  the  ceiling  a  good  reflecting 
white,  and  less  important  but  still  worth  considering,  a  somewhat 
increased  fire  hazard. 

There  would  be  expected  but  little  choice  between  hot  air  and 
direct  radiation  with  reference  to  fungus  growth.  In  either  case 
susceptible  roof  plank  must  be  kept  above  the  dew-point.  Prob- 
ably a  combination  of  the  two  systems  would  be  found  advantageous 
as  by  this  means  steam  pipes  could  be  added  in  cold  corners  where 
there  is  a  tendency  to  drop  below  the  dew-point  on  cold  days.  It 
is  probable  that  the  distribution  of  heat  can  be  rather  better  con- 
trolled in  large  factories  by  direct  radiation  than  by  the  air  circulat- 
ing systems  which  have  been  in  common  use  in  which  the  circula- 
tion of  air  is  not  very  definitely  controlled. 

The  only  information  which  I  have  on  the  limits  of  humidity  at 
which  fungus  plants  can  grow  are  somewhat  indefinite  and  are  the 
result  of  records  of  recording  instruments  maintained  for  a  year 
or  more  on  the  ceiling  of  a  New  Bedford  weaving  building  in 
which  several  of  the  most  common  roof  destroyers  were  actively 
growing  and  fruiting.  It  is  apparent  that  there  is  a  difference  in 
the  moisture  requirements,  also  probably  in  the  temperature  re- 
quirements of  the  different  fungi.  It  is  probable  that  more  exact 
knowledge  will  be  serviceable  in  reducing  the  destruction  by  rot. 
Mr.  Blair  of  the  Canadian  Forest  Products  Laboratory  and  Mr. 
Humphrey  of  the  U.  S.  Forest  Products  Laboratory  are  now  making 
careful  investigations  on  this  subject,  the  results  of  which  should 
be  of  great  value  not  only  in  direct  application  to  the  fungus  but 
the  more  exact  knowledge  gained  on  the  life  requirements  of  the 
fungus  will  facilitate  studies  on  the  action  of  antiseptics. 
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So  far  as  my  observations  have  gone  there  is  httle  active  growth 
of  the  wood  destroying  fungi  until  very  close  to  the  dew-point.  I 
should  say  at  least  above  Uo  per  cent  relative  humidity. 

If  mechanical  circulation  of  the  air  is  maintained  at  such  a 
velocity  that  the  temperature  is  kept  practically  constant,  doubtless 
the  desired  result  will  be  obtained.  The  temperature  is  the  im- 
portant factor.  The  absolute  humidity  in  the  room  may  be  nearly 
constant  but  the  relative  humidity  varies  with  the  temperature.  If 
air  currents  containing  aqueous  vapor  are  carried  against  a  cold 
window  or  ceiling  through  which  a  large  amount  of  heat  is  radiated, 
the  temperature  is  reduced  to  the  dew-point  and  precipitation  results ; 
moreover,  if  the  dew-point  is  located  inside  the  roof  planks  precipi- 
tation will  take  place  here  causing  conditions  favorable  to  fungus 
growths.  In  a  similar  manner  clouds  are  formed  in  the  outer  air  by 
the  temperature  of  the  upper  air  being  reduced  to  the  dew-point.  I 
think  the  moisture  is  kept  oft'  department  store  window^s  by  causing 
a  rapid  circulation  of  air  between  the  warmer  back  part  of  the  win- 
dow and  the  glass  so  that  all  of  the  air  in  the  window  is  kept  at  a 
temperature  above  its  dew-point.  In  other  words,  the  chief  function 
of  the  fan  is  to  circulate  heated  air  against  the  cold  window  glass 
to  supply  the  heat  radiated  and  keep  it  above  the  dew-point. 
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DUST  DETERMINATIONS  IN  AIR  AND  GASES 

By  E.  R.  Knowles'.  New  York,  N.  Y. 
Non-Member 

IN  my  paper  on  Dust,  its  Universality,  Elimination  and  Conser- 
vation, presented  to  the  Society  in  January.  11>1S  (see  January 
issue  of  Journal,  page  285),  attention  was  called  to  the  enor- 
mous amounts  and  varieties  of  dusts,  innocuous  or  injurious,  valu- 
able or  valueless,  which  are  either  emitted  into  the  atmosphere 
through  manufacturing  processes  and  therein  disseminated  and 
wasted,  or  are  the  purposed  results  of  such  manufacture  to  be  col- 
lected and  saved.  1  also  called  attention  to  the  very  great  value  of 
many  such  dusts,  the  benehts  and  economies  arising  from  their 
abatement  and  recovery,  and  indicated  many  typical  forms  of  ap- 
paratus by  which  such  elimination  and  conservation  may  be  more  or 
less  successfully  accomplished. 

In  order  to  ascertain  the  character  and  tjuantily  of  the  dust  in 
the  air  or  gas,  however,  some  method  of  sampling  the  dust  content 
of  the  air  or  gas,  both  (lualitatively  and  quantitatively,  must  be 
made  use  of.  At  first  blush  this  would  appear  to  be  a  simple 
matter  easily  taken  care  of,  but  a  consideration  of  the  characteris- 
tics of  dusts  will  show  that  to  obtain  the  desired  information  is 
often  extremely  diflficult  and  in  some  cases  impossible,  and  i)articu- 
larly  so  if  great  accuracy  of  determination  is  required. 

Dust  is  finely  comminuted  or  powdered  matter,  the  size  of  the 
particles  depending  upon  the  character  of  the  dust,  its  source,  etc., 
the  individual  particles  ranging  in  magnitude  from  those  easily 
seen  by  the  naked  eye  and  large  enough  to  be  accurately  measured 
and  weighed,  to  those  so  small  that  the  highest  magnification  fails 
to  reveal  their  presence.  It  is  not  a  difficult  matter  to  devise 
methods  for  collecting  and  weighing  or  counting  the  larger  par- 
ticles but  when  we  conside'r  that  the  dust  particles  as  a  whole 
occur  in  a  more  or  less  uniform  gradation  from  coarse  to  fine,  it 
becomes  apparent  that  it  is  practically  impossible  to  devise  any 
a]i]:)aratus  or  method  which  will  retain  and  account  for  them  all. 

The  type  of  apparatus  to  be  used  depends  on  the  purpose  and 
accuracy   required.     Small   amounts   of   dust  or  bacteria  in  large 
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volumes  of  air  or  gases  call  for  a  much  more  refined  method  of 
determination  than  where  there  is  a  large  amount  of  dust  in  the 
air  or  gases.  No  one  type  of  apparatus  will  fill  all  requirements. 
It  has  been  well  said  by  a  noted  scientist  that  "there  is  no  subject 
of  common  observation,"  such  as  the  determination  of  the  amount 
of  dust,  etc.,  in  air  or  gases,  "upon  which  observers  are  more  dis- 
posed to  differ." 

With  all  methods  of  dust  determination  the  results  are  relative 
only  and  cannot  be  absolute.  This  is  due  not  only  to  the  fact  that 
a  considerable  number  of  minute  dust  particles  are  not  caught  by 
the  testing  apparatus  but  pass  through  with  the  air  or  gas,  or  are 
lost  by  the  complexity  and  character  of  the  apparatus  and  methods 
used  for  their  determination,  but  also  to  the  unavoidable  personal 
factor  or  equation  of  the  observer,  which  must  be  as  nearly  as 
possible  allowed  for  or  eliminated  before  any  degree  of  accuracy 
of  results  can  be  attained. 

Any  statement  therefore  regarding  the  amount  of  any  dust  in  a 
given  quantity  of  air  or  gas  must  be  considered  as  approximate 
only,  the  closeness  of  approximation  to  the  actual  amount  depend- 
ing on  the  method  and  apparatus  used,  and  that  method  which  is 
the  simplest,  has  the  fewest  processes  to  be  performed,  is  mechanical 
in  operation  and  easily  manipulated,  depends  on  no  chemical  proc- 
esses and  involves  and  depends  on  simple,  if  any,  mathematical 
calculation  and  is  free  from  the  personal  equation  of  the  opera- 
tor, is  the  method  which  will  come  nearest  to  the  correct  result. 

The  apparatus  must  also  be  of  sufficient  capacity  and  of  such  a 
physical  character  as  will  enable  it  to  handle  a  reasonably  large 
volume  of  air  or  gas  at  any  temperature  up  to  500  or  600  deg. 
fahr.  without  injury  to  or  deterioration  of  the  apparatus. 

METHODS 

A  great  variety  of  methods  and  apparatus  for  the  purpose  of 
dust  determination  has  been  devised  and  it  is  the  purpose  of  this 
paper  to  present,  in  collected  form,  as  many  of  these  methods  as 
possible,  in  order  that  their  merits  and  demerits  may  be  compared 
and  in  the  hope  that  such  a  presentation  may  possibly  be  the  means 
of  bringing  forth  other  methods  or  apparatus  which  shall  most 
perfectly  fulfill  all  requirements. 

The  determination  of  dust  content  of  air  or  gases  involves  two 
processes:  first — sampling;  second— mea.suvmg  the  amount  of  dust 
in  the  sample.  The  various  methods  of  dust  determination,  i.e., 
sampling  and  measuring  the  quantity  of  dust,  may  be  classified  gen- 
erally as  follows,  although  each  method*  may,  in  some  cases,  involve 
the  use  of  some  of  the  other  methods : 

1.  Visual  comparison  methods; 

2.  Condensation  methods ; 

3.  Diffraction  methods ; 

4.  Counting  methods ; 

5.  Weighing  methods ; 

6.  Miscellaneous  methods. 


Dust  Determinations  in  Air  and  Gases,  E.  R.  Knowles  103 

There  are  two  principal  methods  in  use  for  dust  samphng;  one 
by  means  of  filters,  the  other  by  means  of  contact  surfaces. 

FILTERS 

The  use  of  some  form  of  filter  for  the  purpose  of  intercepting 
and  catching  the  dust  particles  contained  in  the  air  or  gas  passed 
through  would  seem  to  be  the  simplest  and  most  accurate  method 
of  dust  sampling  that  could  be  used  and  its  use  in  one  form  or 
another  is  the  one  most  largely  employed  in  the  various  forms  of 
apparatus  devised  for  this  purpose,  the  air  or  gas  with  its  dust 
content  being  drawn  or  torced  through  the  filter,  the  volume  of 
air  or  gas  passed  being  measured  and  the  filter  weighed  before 
and  after  the  passage  of  the  air  or  gas,  the  difference  in  weight 
giving  the  amount  of  dust  caught  and  its  relation  to  the  volume 
of  air  or  gas  passed.  Consequently  a  very  large  percent  of  the 
methods  of  dust  determination  involves  the  use  of  different  types 
of  filters  with  either  cotton,  wool,  paper,  wire  cloth,  or  porcelain, 
in  the  form  of  screens,  capsules  or  bags,  or  of  cotton,  wool,  col- 
lodion wool,  glass,  sugar,  resorcin,  sand  or  water  in  bulk  form. 

The  most  common  form  of  filter  consists  of  a  glass  tube  filled 
with  absorbent  cotton  through  which  the  air  or  gas  to  be  filtered 
flows.  The  air  or  gas  is  measured  through  a  test  meter  and  the 
cotton  weighed  before  and  after  filtration. 

This  filter  might  give  accurate  results  if  the  cotton  were  always 
of  the  same  density  throughout  the  tube  and  were  not  hygroscopic. 
The  cotton  may  be  packed  so  loosely  that  some  of  the  dust  will 
work  through,  and  unless  the  cotton  is  carefully  dried,  and  weighed 
several  times,  a  long  and  tedious  process,  errors  are  certain  to  arise. 
Experiments  show  that  when  two  cotton  filters  are  used  in  tandem, 
the  second  will  increase  in  weight,  showing  that  some  of  the  fine 
dust  works  through  and  is  not  retained  in  the  first  tube. 

The  same  statement  is  more  or  less  applicable  to  other  forms  of 
filters  when  loose  material  is  similarly  used  as  a  filtering  medium 
for  dust  determination. 

Pasteur,  Gautier  and  others  first  conceived  the  idea  of  using  a 
filtering  medium  which  could  be  dissolved.  Miguel  substituted  for 
the  sand  a  layer  of  sodium  sulphate.  Franklin  and  Sedgwick  used 
finely  powdered  sugar.  Sugar  has  the  disadvantage  of  not  permit- 
ting perfect  sterilization  and  of  dissolving  in  contact  with  moist 
air.  Ficker  recommended  the  use  of  finely-divided  glass  instead 
of  sand. 

There  are,  however,  many  difficulties  to  be  overcome  in  the  use 
of  filters,  calling  for  great  care  and  accuracy  of  manipulation  on 
the  part  of  the  operator,  whose  personal  equation  becomes  an  im- 
portant factor  in  the  results  obtained,  but  when  properly  used,  the 
filter  undoubtedly  gives  relatively  as  accurate  results  as  are  obtain- 
able, and  some  forms  of  dust  filtering  aoparatus  in  use  have  been 
so  simplified  and  the  inherent  difficulties  have  been  so  far  elimi- 
nated as  to  leave  very  little  to  be  desired  as  to  the  results  obtained, 
especially  so  where  the  air  or  gases  are  at  low  temperature  and 
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the  dust  content  is  relatively  small.     A  typical  form  of  this  type  of 
apparatus  is  the  Sargent  dust  determinator,  hereafter  described. 

CONTACT    SURFACES 

Another  largely  used  form  of  dust  sampling  apparatus  is  what 
may  be  called  a  contact  surface.  Such  a  surface  is  coated  with 
some  adhesive  material,  against  which  the  air  or  gas  and  its  dust 
content  is  caused  to  inii)inge,  the  dust  being  caught  and  held  by 
the  adhesive  surface  and  thus  eliminated  from  the  air  or  gas. 

These  contact  surfaces  may  be  in  the  form  of  plates  or  tubes 
and  are  coated  with  glycerine,  oil,  varnish,  gelatine  or  other  com- 
pounds forming  an  adhesive  surface.  The  air  or  gas  with  its 
dust  content  is  drawn  or  forced  against  the  adhesive  surface,  the 
volume  of  air  or  gas  passed  being  measured.  The  dust  caught  by 
the  adhesive  surface  is  afterwards  removed  by  a  suitable  solvent 
of   the  adhesive  material,   the  solvent   eliminated  by   filtration   or 


FIG.   1.     THE  GOOCH  FILTER 

evaporation  and  the  remaining  dust  weighed,  or  the  number  of 
particles  caught  by  the  contact  plate  is  counted  in  position  on  the 
plate.  In  either  case  the  weight  or  count  gives  the  amount  of 
dust  caught,  and  its  relation  to  the  volume  of  air  or  gas.  passed 
gives  the  quantity  of  dust  per  unit  volume  of  air  or  gas  passed. 

This  method  also  has  many  difficulties  to  be  overcome,  calling 
for  great  care  and  accuracy  of  manipulation  on  the  part  of  the 
operator,  whose  personal  equation  becomes  an  important  factor 
in  the  results  obtained,  but  when  properly  used  it  gives  relatively 
very  accurate  results,  especially  so  in  cases  where  there  is  a  very 
small  amount  of  dust  in  the  air  or  gas.  A  typical  form  of  this 
form  of  apparatus  is  the  E.  Vernon  Hill  dust  counter,  hereafter 
described. 

There  are  other  forms  of  dust  determinators,  such  as  the  Atkins 
koniscope,  the  diffractiscope,  the  photographic  dust  counter,  various 
air  washing  devices,  color  comparison  methods  and  others,  all  more 
or  less  ingenious  in  their  methods,  and  which  will  be  hereafter 
described ;  but  over  00  per  cent  of  the  various  forms  of  dust  deter- 
mination apparatus  depend  on  either  the  use  of  the  filter  or  con- 
tact surface  for  their  oj-teration. 

The  following  are  short  descriptions  of  the  various  forms  of 
dust  sampling  apparatus,  the  classification  given  on  page  103  being 
followed. 
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Stacy  niters.  In  testing  air  washers  a  number  of  forms  of 
screens  were  tried.  Plain  cloth  screens  were  made  of  cheese  cloth, 
or  bolting  cloth,  mounted  on  light  frames  and  arranged  so  that 
all  the  air  would  pass  through  the  cloth.  Screens  were  made  of 
cloth  with  a  heavy  nap,  of  filter  paper  and  of  fine-mesh  wire  cloth. 

They  all  permitted  a  large  amount  of  fine  dust  to  pass  through 
them,  absorbed  moisture  from  the  atmosphere,  were  dift^icult  to 
weigh  accurately  and  had  other  attendant  difficulties  which  ren- 
dered their  use  inaccurate  and  impracticable. 

Dr.  E.  Vernon  Hill  {Air  Washers).  In  testing  air  washers  Dr. 
Hill  made  use  of  cheese-cloth  screens  stretched  on  square  frames 
having  an  area  of  1  sq.  ft.  The  screens  were  exposed  for  a  given 
length  of  time  at  the  inlet  and  outlet  ends  of  the  air  washer  and 
the  degree  of  blackening  or  discoloration  was  roughly  approximated 
as  a  percentage  ratio.  This  was  only  used  in  ducts  where  a  high 
air  velocity  was  present  and  it  was  at  best  a  crude  approximation. 

He  also  used  porcelain  dishes  coated  with  a  clean  white  vaseline 
and  exposed  them  in  the  open  air   for  a  certain  length  of  time. 


FIG.  2.     THE  RINGELMANN   SCALE  FOR  GRADING 
SMOKE  DENSITY 


The  degree  of  blackening  or  discoloration  was  roughly  approxi- 
mated as  a  percentage.     This  was  only  an  approximation. 

Gooch  Filter.  This  consists  of  a  platinmii  or  porcelain  crucible, 
of  the  shape  of  a  frustrum  of  a  cone  with  a  number  of  small  per- 
forations in  its  bottom.  A  platinum  cap  is  fitted  to  the  bottom  of 
the  crucible  during  the  process  of  drying  or  igniting  the  precipitate. 
The  perforated  bottom  is  sometimes  made  removable.  The  filtra- 
tion is  effected  through  an  innerlining  of  asbestos  felt  which  is 
introduced  in  the  bottom  of  the  crucible.  The  asbestos  lining  is 
made  as  follows :  Some  silky,  fine  fibred  asbestos  is  mixed  with 
water  containing  some  hydrochloric  acid,  by  rubbing  with  a  pestle 
in  a  mortar  and  the  mixture  bottled  for  use.  A  portion  of  this 
mixture  well-shaken  in  the  bottle,  is  poured  into  the  crucible  and 
there  solidified,  by  drawing  air  through  it,  thus  forming  a  firm, 
compact  felt  which  covers  the  perforated  bottom  of  the  crucible. 
The  crucible  is  then  carefully  dried  and  weighed  with  its  cap  in 
])Uice.  .\fter  filtration,  the  crucible  with  its  solid  contents  is  again 
carefully  dried  and  weighed,  the  difference  in  weight  being  the 
weight  of  the  solid  matter  caught  by  the  filter. 

Ringehnan  Scale.  This  scale  consists  of  six  areas  of  equal  size 
laid  off  on  a  white  surface.  The  first  area  is  in  outline  only,  its 
surface  being  white,  and  the  sixth  area  is  black,  the  intermediate 
areas   being   subdivided    into    small   squares  by   crossed   lines,    the 
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width  of  the  Hnes  and  their  spacings  being  such  as  to  blacken  a 
definite  portion  of  the  area.  The  first  area  is  designated  as  0  or 
zero  smoke. 

The  second  area  is  drawn  so  that  20  per  cent  of  its  surface  is 
covered  by  black  lines,  this  represents  No.  1  or  20  per  cent  smoke. 
The  third  has  40  per  cent  covered  and  is  No.  2  or  40  per  cent 
smoke ;  similarly  No.  3  is  GO  per  cent  smoke,  No.  4  is  80  per  cent 
smoke,  and  No.  5  is  100  per  cent  smoke. 

In  use  the  smoke  under  observation  is  compared  directly  with 
the  scale,  which  is  placed  at  a  point  between  the  observer  and  the 
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FIG.  3.\.  THE  RUBNER  APPARATUS  FOR  DUST  DETERMINATION 
FIG.  3B.  THE  HAHN  APPARATUS  FOR  DUST  DETERMINATION 


smoke  under  observation  and  at  such  a  distance  from  the  observer 
as  to  cause  the  definition  of  the  lines  to  be  lost,  the  several  inter- 
mediate areas  presenting  only  varying  shades  of  gray.  This  and 
other  similar  scales  are  useful  only  as  giving  a  numerical  value 
to  the  shade  or  appearance  of  the  smoke. 

Rubner  Method  of  dust  determination  is  based  on  the  aspiration 
of  a  large  volume  of  the  air  or  gas  to  be  tested  (200  to  300  cu.  ft.) 
through  a  filter  paper  placed  in  a  special  holder,  upon  the  surface 
of  which  the  soot  and  dust  particles  are  collected.  The  aspiration 
is  afifected  by  a  water  jet  pump  and  the  volume  of  the  gas  is  meas- 
ured by  a  dry  meter.  The  determination  of  the  amount  of  soot 
and  dust  collected  on  the  paper  in  a  given  time  (12  to  84  hours) 
is  made  by  comparison  with  a  standard  scale. 

Renk  employed  for  this  comparison  a  mixture  of  a  known 
amount  of  soot  and  oil  which  when  used  in  a  wedge-shaped  glass 
vessel,  gave  a  color  scale  of  gradually  increasing  density. 
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Ilahn  Metlwd.  This  consists  of  a  double  cylinder  suction  pump 
with  cylinders  of  knoww  cubic  capacity.  The  number  of  strokes 
made  by  the  pistons  gives  the  volume  of  air  or  gas  passed  in  a  given 
time.  The  dust  is  collected  by  drawing  the  air  or  gas  through  a 
tube  containing  collodion  wool.  The  collodion  wool  is  dissolved  in  a 
mixture  of  ether  and  alcohol  and  the  turbid  fluid  thus  obtained  is 
then  compared  with  various  standard  solutions  containing  collodion 
and  known  amounts  of  soot  and  dust. 

Lief  man  Method.  His  method  is  based  upon  deposition  or  "sedi- 
mentation" of  the  soot  or  dust  particles  upon  prepared  plates.  It 
consists  of  a  horizontal  and  a  vertical  glass  plate,  each  coated  with 
a  thin  film  of  a  white  bleached  oil.  The  apparatus  is  arranged  so 
that  it  can  turn  on  its  vertical  axis,  the  vertical  plate  being  kept 
facing  the  air  current  by  means  of  a  vane  fastened  to  the  vertical 
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FIG.  4.     THE  LIP:i-.M.\.\X  AIMWR.MUS  FOR  DUST  DETERMIX.ATION 


Spindle.  After  due  exposure  for  a  given  time  (12  to  2\  hours), 
the  exposed  plates  are  removed  and  their  films  of  soot-and-dust- 
covered  oil  are  removed  by  means  of  ether,  which  dissolves  the  oil 
and  keeps  the  soot  and  dust  in  suspension. 

The  ether  is  evaporated  and  the  soot  and  dust  residue  mixed 
with  a  certain  amount  (5  per  cent)  of  the  originally  used  oil, 
yielding  a  mixture  for  comparison  with  standard  mixtures.  These 
standards  are  prepared  by  mixing  weighed  quantities  of  soot  with 
the  same  amount  of  the  oil  (5  per  cent)   in  each  case. 

These  mixtures  are  placed  in  stoppered  bottles  and  give  a  scale 
of  tints  from  one  slightly  tinged  to  one  perfectly  black.  Com- 
parison is  made  between  the  test  sample  and  these'  standards. 

The  Kapnograph  is  a  continuous  visual  indicator  of  the  relative 
degree  of  cleanliness  of  the  gases  passing  through  it.  Gas 
from  the  main  is  passed  through  this  apparatus  and  caused  to 
impinge  on  a  continuous  recording  chart  on  which  the  dust  in  the 
gas  is  deposited.  The  variations  in  the  amount  are  indicated  bv 
lighter  or  darker  shades  on  the  recording  paper,  depending  on  the 
amount  of  dust  deposited.     The  flow  of  the  gas  in  the  instrument 
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is  maintained  cither  by  the  natural  pressure  of  the  gas  or  an 
aspirator  behind  the  outlet  pipe  and  its  speed  at  the  nozzle  is  kept 
constant  by  means  of  a  regulator.  This  apparatus  does  not  give 
the  amount  of  dust  in  a  given  volume  of  gas  but  only  indicates 
the  relative  amounts  of  dust  passing  from  time  to  time. 

llddy  Smoke  Gauge.  This  depends  for  its  operation  on  the 
comparison  of  the  smoke  color  with  a  Ringelman  scale.  It  con- 
sists of  a  metal  tube  provided  at  one  end  with  an  observation  lens 
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and  eye  piece  and  at  the  other  end  with  an  electric  lamp  arranged 
inside  the  tube  so  that  its  light  shines  through  and  illumines  the 
tube  from  end  to  end.  At  the  viewing  end  the  tube  has  a  side 
connection  to  the  flow  of  furnace  gas  in  the  boiler  ui)take ;  at  the 
lamp  end  is  a  side  connection  to  an  ejector.  The  whole  apparatus 
is   mounted   preferably  at   the   boiler   furnace. 

In  operation  the  ejector  draws  a  continuous  stream  of  flue  gas 
through  the  tube  of  the  instrument,  the  gas  being  illuminated  by 
the  lamp  at  one  end  of  the  tube,  when  by  viewing  the  column  of 
gas  in  the  tube  by  means  of  the  observation  eye  piece,  its  density 
of  color  can  be  judged  and  compared  with  a  standard  color  chart. 
This  instrument  does  not  determine  the  amount  of  dust  in  the  gas, 
only  the  relative  density  of  the  dust  particles  in  the  gas,  and  is  useful 
for  giving  an  indication  at  all  times  of  the  combustion  condition  of 
the  furnace. 
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Eddy  Smoke  Recorder.  The  operation  of  this  instrument  is  based 
on  the  princijjlc  that  if  a  jet  of  smoke  is  driven  against  a  porous 
paper,  the  soot  and  other  coloring  matter  wih  adhere  to  the  paper 
and  form  a  permanent  record,  the  soot  and  dust  particles  being 
driven  into  the  pores  of  the  paper  and  the  record  will  correspond 
with  the  color  of  the  smoke,  irrespective  of  what  that  color  may  be. 
The  apparatus  consists  of  a  motor-driven  suction  fan,  a  clock-driven 
recording  chart  and  a  pipe  connection  to  the  chimney  provided  with 
a  jet  through  which  the  chimney  gas  is  projected  against  the  record- 
ing chart. 

In  operation  the  pump  draws  the  gas  and  dust  content  (smoke) 
from  the  chimney  at  a  predetermined  velocity  and  projects  it 
through  the  jet  against  the  recording  paper  chart  where  a  record  is 
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produced  varying  in  density  according  to  the  amount  of  soot  and 
dust  in  the  chimney  gases.  The  densitfes  of  the  record  can  be 
compared  with  a  standard  color  chart.  By  this  instrument  the  com- 
bustion conditions  in  the  furnace  can  be  readily  observed  and  means 
taken  to  so  regulate  them  that  there  will  be  complete  smokeless 
combustion  in  the  furnace. 

Todd  Method.  This  method  is  said  to  give  a  positive  answer  as 
to  how  much  dust  there  is  in  the  air  tested.  A  disc  of  canton 
flannel,  .2^  in.  in  diameter,  is  placed  in  a  receiver  which  has  an 
opening  ]  in.  in  diameter,  and  through  this  a  measured  quantity 
(200  cu.  ft.)  of  air  is  drawn  by  means  of  a  suction  pump.  On 
removing  the  canton  flannel  disc,  there  is  found  thereon  a  dust 
record,  which  by  visual  comparison  of  density  of  discoloration  with 
a  standard  color  scale  of  10  gradations  from  white  to  black,  indi- 
cates the  relative  dust  content  of  the  air  drawn  through  the  disc, 
but  does  not  give  its  actual  amount. 

,litke)is  Dust  Counter  Method.  This  method  consists  of  a  test 
receiver  R,  an  air  pump  P,  measuring  apparatus  M,  illuminator 
L  and  gasometer  G.  The  air  to  he  tested  is  drawn  through  pipe 
A  by  means  of  gasometer  Ci  and  connecting  ])ipes.  On  its  way  it 
passes  through  the  measuring  aj^paratus  M  which  delivers  a  meas- 


no 


Transactions  of  Am.  Soc.  of  Heat.  &  Vent.  Engineers 


ured  quantity  of  it  into  receiver  R  where  it  is  mixed  with  a  certain 
quantity  of  diistlcss  air  and  saturated  with  water.  The  air  in  R 
IS  then  expanded  by  pump  P  and  a  shower  of  rain  is  produced, 
and  the  number  of  drops  which  fall  on  a  measured  area  of  the 
counting  stage  are  counted.  The  counting  stage  is  a  polished  silver 
plate,  ruled  in  lines  at  right  angles  to  each  other,  1  mm.  apart. 

The  apparatus  depends  for  its  operation  on  the  principle  that 
when  the  air  containing  dust  particles  is  super-saturated  with 
aqueous  vapor,  each  dust  particle  becomes  a  center  of  condensa- 
tion and  visible  drops  of  moisture  arc  formed,  which  if  precipi- 
tated on  a  ])late,  can  be  counted.  The  number  of  drops  counted 
on   the  plate   multiplied  by  the  cubic  contents   of   the  pump  and 
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FIG.  8.     THE  AITKENS  DUST  COUNTER  APPARATUS 


receiver,  gives  the  number  of  dust  particles  in  the  measured  quan- 
tity of  air — most  complicated  and  inaccurate. 

Hill  Diffractoscope.  This  is  a  modification  of  the  Aiken-Koni- 
scope  and  consists  of  a  metal  chamber  lined  with  hygroscopic  mate- 
rial and  provided  with  a  window  at  either  end  and  on  one  side.  A 
filter  with  a  three-way  cock  is  attached  to  one  end  of  the  instru- 
ment and  a  hose  cock  connection  for  exhausting  the  air  at  the 
ot:ber. 

The  method  of  using  the  instrument  is  as  follows:  The  hygro- 
scopic lining  of  the  chamber  is  saturated  with  water,  the  three-way 
cock  is  turned  so  that  air  is  introduced  through  the  filter  by  the 
action  of  the  pump  at  the  exhaust  outlet  and  the  chamber  thus 
filled  with  clean,  filtered  air.  A  powerful  beam  of  light  is  then 
thrown  through  the  window;  if  the  air  in  the  instrument  is  free 
from  dust,  a  reduction  of  the  pressure  will  not  produce  a  fog  and 
the  light  beam  will  not  be  visible.  If  dust  is  present  in  the  instru- 
ment, a  fog  will  result  and  the  light  beam  will  stand  out  clearly. 
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This  apparatus  is  principally  of  value  for  showing  when  a  given 
sample  of  air  is  absolutely  free  from  dust.  In  this  respect  it  is 
extremely  accurate,  but  it  is  too  delicate  for  ordinary  test  work. 

Dr.  MacMillan  has  investigated  the  possibilities  of  applying  the 
principle  of  the  precipitation  of  dust  from  flue  gases  on  a  high  ten- 
sion electric  pole  to  the  sampling  of  small  quantities  of  dust,  but 
with  no  practical  results  so  far  as  is  known. 

Mr.  L.  V.  Coleman  has  endeavored  to  i)hotograph  luminous  par- 
ticles seen  at  right  angles  to  a  beam  of  light,  but  with  little  success. 
The  difficulty  of  preparing  standards  for  comparison  and  the  elab- 
orate apparatus   discouraged   continued   effort. 

Aitkois  Koniscopc.  This  consists  of  a  long  horizontal  tube  lined 
with  hygroscopic  material,  and  it  is  provided  with  a  window  at  each 
end  and  a  stop  cock  at  the  inlet  end  for  admitting  the  air.  The  ver- 
tical portion  of  the  instrument  is  a  suction  pump  comiecting  directly 
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with  the  interior  of  the  horizontal  tube.  Air  for  testing  is  drawn 
into  the  apparatus  through  the  stop  cock  by  depressing  the  plunger 
of   the  pump. 

The  stop  cock  is  then  closed  and  the  pump  piston  again  depressed. 
This  action  rarefies  the  air  in  the  tube  which  has  become  saturated 
by  contact  with  the  wet  lining.  Lowering  the  pressure  in  this  way 
has  the  same  effect  as  lowering  the  temperature,  the  result  being 
that  the  dew  point  is  lowered  and  a  fog  is  produced  by  aqueous 
condensation  on  each  dust  particle,  the  density  of  which  by  com- 
parison with  suitable  charts  determines  the  extent  of  air  dustiness. 

This  instrument  also  reveals  all  of  the  minute  ultra-microscopic 
particles  in  the  air  and  thus  masks  the  difference  in  the  number 
of  fairly  large  particles  (such  as  industrial  dusts)  in  which  the 
sanitarian  is  interested.  This  instrument  is  difificult  of  standardiza- 
tion and  is  not  reliable,  the  personal  equation  of  the  operator  being 
a  serious  factor. 

Hesse.  {Bacteria  Test.)  He  used  a  straight  glass  tube  wide 
enough  to  receive  a  lining  of  nutrient  gelatine  or  agar,  the  air 
being  drawn  through  the  tube  and  cultures  afterwards  made  of  the 
bacteria  caught  on  the  lining  of  the  tube  and  the  colonies  of  bac- 
teria counted.  It  w^as  inaccurate  in  that  many  organisms  passed 
through   with  the  air  current  and   escaped. 
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Pavloivsky.  {Bacteria  Test.)  He  used  a  glass  tube  bent  four 
times  at  an  angle  of  45  deg.  The  tube  was  lined  with  gelatine;  and 
the  air  was  slowly  drawn  through  the  tube  and  cultures  afterwards 
made  of  the  bacteria  caught  in  the  lining  of  the  tube  and  the  col- 
onies of  bacteria  counted. 

Williams.  {Bacteria  Test.)  He  used  a  spiral  glass  tube  lined 
with  laevulosc,  the  air  being  drawn  through  the  tube.  The  tube 
was  washed  out  with  sterilized  water  and  cultures  made  with  the 
sterilized  water  on  gelatine  plates,  and  the  colonies  of  bacteria 
counted.  This  was  a  more  difficult  form  of  apparatus  to  manipu- 
late than  a  straight  tube  with  the  sources  of  error  greatly  increased. 

Miguel  and  Kammerer.  {Bacteria  Test.)  They  used  a  glass 
bulb  half   full  of   sterile  liquid,   the  bulb  terminating  below  in  a 
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small  tube  bent  up  to  a  level  with  the  surface  of  the  liquid,  the  air 
being  aspirated  through  the  liquid  from  the  top  of  the  bulb.  Cul- 
tures were  afterwards  made  of  the  bacteria  caught  in  the  liquid 
and  the  colonies  of  bacteria  counted. 

Straus  and  Wirts.  {Bacteria  Test.)  They  used  a  glass  tube 
closed  at  its  lower  end  by  a  tube  of  smaller  diameter  holding  a 
quantity  of  gelatine  solution.  The  upper  end  was  fitted  with  a 
hollow  glass  stopper  extending  down  as  a  fine  tube  into  the  gela- 
tine solution,  the  stopper  being  externally  plugged  with  cotton  when 
not  in  use.  An  aspirator  on  a  branch  tube  drew  the  air  through 
the  hollow  stopper,  causing  it  to  bubble  through  the  gelatine  solu- 
tion. A  cotton  plug  in  the  branch  tube  detained  any  organisms  that 
might  escape  through  the  liquid  and  was  pushed  down  and  washed  in 
the  gelatine  solution  after  the  test  was  made.  Cultures  were  then 
made  of  the  bacteria  caught  in  the  gelatine  solution  and  the  colonies 
of  bacteria  counted.    This  was  a  very  uncertain  method. 

Baskcrville.  {Dust  and  Bacteria  Test.)  His  apparatus  con- 
sists of  a  suction  pump,  an  air  chamber  and  a  filter.  The  inlet  to 
the  air  chamber  consists  of  a  glass  tube  fitted  with  a  small  steel  cup 
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with  a  perforated  rubber  cork,  the  perforation  being  of  a  size  to 
fit  tlie  filter  tube.  For  filtering  dust  he  uses  a  sugar  filter,  consist- 
ing of  a  glass  adaptor,  15  cm.  long,  o  cm.  in  diameter  at  the  top  and 
2  cm.  in  diameter  at  the  bottom.  A  rubber  cork  with  a  small  piece 
of  glass  tubing  is  inserted  in  the  base.  Over  this  cork  is  placed  a 
piece  of  bolting  cloth  which  acts  as  a  support  to  the  sugar  used 
as  filtering  material,  about  o  grams  being  used.  The  filter  is  attached 
to  the  air  chamber  by  inserting  the  small  glass  tube  in  the  perforated 
rubber  cork  on  the  air  chamber.     .\   measured  amount  of  air  is 
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drawn  by  the  suction  pump  through  the  filter  which  is  afterwards 
dissolved  in  10  cc.  of  sterilized  distilled  water,  well  shaken  and  1 
cc.  of  the  solution  placed  in  a  Sedgwick-Rafter  counting  cell.  The 
dust  particles  are  then  counted  under  the  microscope.  This  process 
is  very  inaccurate,  as  commercial  sugar  often  runs  high  in  dust 
particles. 

For  filtering  bacteria,  he  uses  a  sand  filter,  consisting  of  a  glass 
tube  10  cm.  long  and  1  cm.  in  diameter  and  open  at  both  ends.  A 
cork  stopper  with  a  small  piece  of  glass  tubing  is  inserted  in  one 
end,  and  over  this  cork  is  placed  a  piece  of  bolting  cloth,  which  acts 
as  a  support  to  the  sand.  On  this  is  placed  a  layer  of  No.  80 
mesh  wire  cloth  covered  with  non-diatomaceous  sand,  about  1  cm. 
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thick.  The  filter  is  attached  to  the  air  chamber  as  before  described 
and  a  measured  amount  of  air  is  drawn  by  the  suction  pump  through 
the  fiher.  The  sand  is  then  turned  into  a  test  tube  containing  10 
cm.  of  sterihzed  distilled  water.  After  shaking,  1  cm.  is  transferred 
to  a  Petrie  dish  and  mixed  with  10  cm.  of  litmus  lactose  agar,  and 
incubated,  and  the  colonies  of  bacteria  counted. 

Soper  Method.  {Bacteria.)  Soper  makes  use  of  a  sand  filter 
similar  to  that  already  described  as  used  by  Baskerville,  but  uses 
two  filters  in  tandem,  and  at  times  a  vacuum  cylinder  or  aspirator 
as  devised  by  Dr.  Prudden,  instead  of  a  pump.  Prudden's  aspira- 
tor consists  of  a  metal  cylinder  furnished  with  a  vacuum  gauge 
and  two  stop  cocks.  The  cylinder  is  exhausted  by  a  foot  pump, 
the  sand  filter  is  connected  by  a  piece  of  rubber  tubing,  the  stop 
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FIG.   12.     THE  PRUDDEN  FILTER  AND  ASPIRATOR. 

cock  opened  and  the  air  is  drawn  through  the  filter  into  the  cylinder, 
leaving  the  dust  and  organisms  in  the  filter. 

Soper's  process  is  similar  to  that  of  Baskerville  except  that 
the  sand  from  the  filter  is  poured  into  a  tube  of  melted  agar,  the 
tube  agitated  and  the  liquid  poured  into  a  Petrie  dish,  the  sand 
being  left  behind.  A  second  tube  of  melted  agar  is  then  poured 
upon  the  sand  remaining  in  the  'first  tube.  This  is  agitated  and 
the  agar  and  sand  both  poured  into  a  second  dish.  The  Petrie  dishes 
are  then  incubated  and  the  bacteria  counted. 

The  Petrie  sand  filter,  often  used  in  this  connection,  consists  of  a 
glass  tube  containing  two  separate  layers  of  fine  sand  confined 
between  pieces  of  wire  cloth.  After  the  test  this  sand  is  poured 
into  an  ordinary  culture  dish  and  covered  with  gelatine  or  agar, 
incubated  and  the  colonies  of  bacteria  counted. 

Soper  uses  a  sugar  filter  for  such  determination  in  a  manner 
substantially  as  described  for  Baskerville,  except  that  after  the 
sugar  is  dissolved,  the  dust  particles,  which  remained  in  the  solu- 
tion, are  collected  in  a  weighed  Gooch  filter  containing  a  felt  of 
asbestos.  The  filter  is  washed,  dried  and  weighed  and  the  increase 
in  weight  gives  the  amount  of  dust  for  the  volume  of  air  aspirated. 
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Graham-Rogers  Method.  Their  method  consists  in  passing  a 
measured  amount  of  air  through  a  cylinder  in  which  is  inserted  a 
Petrie  dish  of  such  size  as  to  almost,  but  not  quite,  fill  the  cyhnder. 
The  Petrie  dish  is  ruled  in  squares  and  coated  with  glycerine.  The 
air  stream  is  drawn  through  the  cylinder  so  that  it  strikes  the  sur- 
face of  the  glycerinated  plate  and  deposits  its  dust  particles  on  the 
glycerine  before  finding  its  way  around  the  edges  of  the  plate,  and 
the  particles  so  deposited  are  counted  directly  under  a  microscope 
by  the  aid  of  the  rulings  on  the  plate.     This  is  very  inaccurate,  as 
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the  air  and  a  large  amount  of  the  fine  dust  particles  pass  around 
the  edge  of  the  dish. 

Hahn  Method.  This  method  consists  in  filtering  a  measured 
amount  of  air  through  collodion  wool,  then  dissolving  the  wool  in 
ether  and  counting  the  particles  in  a  measured  amount  of  the  liquid. 

A.  E.  Stacey,  Jr.,  Photographic  Dust  Count  Method.  This  is 
a  method  proposed  by  Mr.  Stacy  in  1914  but  not  at  that  time  experi- 
mented with.  It  consists  of  a  high  grade  camera  having  high- 
speed shutters  and  micrographic  lenses.  With  a  standard  ray  of 
light,  photographs  can  be  made  directly  in  the  air  chamber.  This 
apparatus  will  give  a  permanent  record  of  the  dust  count,  and  in 
all  probability  with  standard  lens  and  standard  beam  of  light,  dust 
counts  can  be  made  with  accuracy. 

Hill  Photographic  Dust  Count  Method.  This  method  was  pro- 
posed by  Dr.  E.  Vernon  Hill  in  1916  and  consists  of  a  metal  frame 
carrying  an  anemometer  at  the  end  where  the  air  passes  into  the 
instrument,  an  exhaust  ventilator  fan  at  the  other  end  to  produce 
air  motion  through  it,  and  a  compartment  part  way  between,  carry- 
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ing  a  photographic  plateholder,  so  arranged  that   the  entering  air 
is  thrown  directly  against  the  center  of  the  plate. 

In  using  the  instrument,  the  plate  holder  is  opened  and  clean 
distilled  water  applied  to  the  central  portion  of  the  plate  with  a 
clean  camel's-hair  brush.  The  water  softens  the  film  on  the  plate 
which  retains  the  dust  particles  that  are  forced  against  it.  After 
exposure  to  the  current  of  air  where  a  dust  determination  is  to  be 
made,  the  plate  is  dried  and  developed  in  the  usual  manner.  The 
count  is  made  from  the  plate  with  the  aid  of  low  magnification 
from  photographic  prints  made  from  the  plate.  It  is  a  simple 
apparatus  to  make  and  easy  to  use,  and  it  gives  fair  and  consistent 
results  if  great  accuracy  is  not  desired,  provided  the  instrument  is 


FIG.   14.     HILL  PHOTOGRAPHIC  DUST  COUNT  APPARATUS 


carefully  cleaned,  before  each  test,  of  the  dust  particles  that  lodge 
in  the  anemometer  and  various  parts  of  the  instrument.  This  is 
difficult  and  tedious  to  do,  however,  and  its  accuracy  is  diminished 
to  that  extent. 

Hill  Dust  Counter.  This  instrument  consists  essentially  of  an 
exhaust  pump  of  known  capacity  for  handling  the  air  and  a  small 
capsule  or  shell  affixed  to  the  inlet  of  the  pump,  carrying  a  cover- 
glass  coated  with  adhesive  material  for  catching  and  retaining  the 
dust.  In  using  the  instrument,  the  cover  of  the  capsule  is  removed 
from  the  base  and  a  clean  microscopical  cover-glass  inserted  in  the 
holder  provided. 

The  cover-glass  is  then  lightly  coated  with  a  mixture  of  Damar 
varnish,  glycerine  and  linseed  oil  of  such  consistency  that  it  will 
not  dry  or  form  a  surface  film  when  the  instrument  is  in  use,  but 
will  become  firm  in  2-t  hours.  The  cover  is  replaced  on  the  base 
of  the  capsule  which  is  then  screwed  to  the  nozzle  of  the  pump.  A 
certain  number  of  strokes  with  the  pump  is  taken  in  the  air  where 
the  determination  is  to  be  made,  the  number  of  strokes  varying 
with  the  extent  of  dustiness  expected.  Care  in  this  respect  must 
be  taken,  as  an  excessive  amount  of  dust  on  the  slide  makes  it  diffi- 


Dust  Determinations  in  Air  and  Gases.  E.  R.  Knowles 


117 


cull  to  count.  After  the  necessary  number  of  strokes  has  been 
taken,  the  capsule  is  removed  from  the  base,  the  base  beinj?  held 
inverted  during  this  operation  so  that  no  dust  particles  in  the  air 
will  settle  on  the  s])eciinen. 

The  cover  slip  is  removed  from  the  holder  in  the  inverted  position 
and  placed  on  a  clean  microscopic  slide  with  the  adhesive  side 
against  the  slide.  The  specimen  is  then  i)laced  on  the  stage  of  the 
microscope  and  the  count  made. 

Scdgzi'ick  Tucker  Method.  Used  for  testing  bacteria  in  air,  this 
consists  of  a  short  Hesse  tube  narrowed  unequally  at  the  ends,  one 
of  which  is  stopped  with  granulated  sugar  carefully  sterilized.  A 
known  volume  of  air  is  drawn  through  the  tube,  leaving  its  germs, 
etc.,  in  the  filter  of  sugar.  Sterilized  gelatine  is  then  introduced 
at  the   free  end  and   the   tube  stoppered,   the   sugar  dislodged  and 
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shaken  into  the  gelatine,  dissolved  therein  and  the  germ-laden 
gelatine  then  spread  as  a  coat,  by  rolling  dn  the  inner  side  of  the 
tube.  After  incubating  the  germs  in  the  usual  way  they  are  readily 
counted  by  the  aid  of  squares  etched  or  ground  on  the  outside  of 
the  tube. 

Roll  Tube.  This  consists  of  a  round  test  tube  into  which  the 
liquid  gelatine  and  contained  bacteria,  dust,  etc.,  are  poured.  The 
tube  is  then  continuously  rolled  about  its  long  axis  until  the  gela- 
tine is  distributed  and  sets  on  the  inner  surface  of  the  tube.  For 
the  examination  of  the  purity  of  water,  a  known  volume  of  the 
water  under  examination  is  mixed  with  a  much  larger  volume 
of  sterilized  nutrient  gelatine,  thus  somewhat  widely  sej^arating  the 
germs  in  the  melted  gelatine,  which  is  then  ]:)Oured  on  a  cool  plate 
carefully  leveled.  The  gelatine  cools  and  stiffens  and  the  germs 
are  kept  separated  in  the  stiffened  mass  but  may  easily  grow  and 
multiply  in  the  nutrient  mass.  After  a  short  time  opaque  dots  or 
islands  form,  due  to  the  rapid,  though  localized  increase  of  the 
germs.  Each  dot,  if  caused  by  bacteria,  is  called  a  colony  and  is 
taken  to  represent  one  germ  in  the  original  water. 

Ditnian  Method.  This  apparatus  consists  of  a  filter  and  an  aspira- 
tor, the  filter  consisting  of  a  small  weighing  bottle  containing  a 
receptacle  tightly  packed  w-ith  cotton  wool,  through  which  air  can 
be  made  to  pass.  The  weighing  bottle  is  provided  with  an  accu- 
rately-fitted,  ground-glass    sto]-)per   through    which   passes    an    inlet 
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tube  and  an  outlet  tube.  The  inlet  tube  immediately  inside  the 
stopper  is  expanded  (to  decrease  the  air  velocity  before  it  reaches 
the  filtering  material)  and  terminates  in  a  bulb.  It  has  a  lip  at 
the  bottom  over  which  is  tightly  stretched  and  fastened  a  silk  cap 
and  the  interior  of  the  bulb  is  tightly  packed  with  absorbent  cotton 
wool. 

The  outlet  of  the  filter  is  connected  to  an  aspirator  and  the  out- 
let is  placed  at  the  point  where  it  is  desired  to  ascertain  the  quan- 
tity of  dust  in  the  air.  The  inlet  and  outlet  tubes  are  both  provided 
with  a  ground-glass  stopper. 

The  filter  is  carefully  dried  and  weighed  and  then  connected  in 
circuit  with  the  aspirator  and  a  measured  quantity  of  air  is  drawn 
through  the  filter,  from  100  to  300  litres,  after  which  the  filter  is 
again  dried  and  weighed.     The  difference  in  weight  together  with 
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FIG.  16.     APPARATUS  FOR  THE  DITMAN  METHOD 


the  volume  of  air  drawn  through  will  determine  the  amount  of  dust 
per  cubic  unit  of  air. 

Osborii  Method.  This  consists  in  filtering  a  measured  amount  of 
air  through  fine-mesh  wire  cloth  with  subsequent  bubbling  through 
water,  and  then  determining  the  weight  of  the  solids  collected.  The 
apparatus  consists  of  a  variable  speed  centrifugal  fan,  a  dry  gas 
meter,  a  series  of  baffle  wash  bottles  of  special  construction,  a 
special  form  of  dust  filter  and  a  special  form  of  sampling  tube, 
all  connected  in  series  by  suitable  piping.  To  prevent  the  con- 
densation of  moisture  in  the  sample  tube,  the  entire  tube  and  filter 
jacket  is  steam  jacketed.  The  filter  consists  of  a  special  cup  made 
of  200  mesh  wire-cloth  held  in  place  in  the  filter  box  in  a  manner 
similar  to  the  Brady  apparatus. 

The  sample  tube  is  a  modification  of  the  Brady  tube  and  is 
placed  in  the  main  gas  pipe  at  the  point  of  mean  velocity  and  with 
its  opening  opposed  to  the  direction  of  the  flow  of  the  gases. 

The  baffle  wash  bottles  are  constructed  with  two  perforated, 
curved  baffle  plates,  sealed  one  above  the  other  to  and  surrounding 
the   inlet   tube   to   the   bottle   at   points   near   the   middle   and   the 
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lower  end  of  the  inlet  tubes;  the  baffle  plates  are  nearly  the 
diameter  of  the  inside  of  the  bottle.  The  wash  bottles  are  filled 
with  water  to  a  point  above  the  upper  baffle  plate. 

In  the  operation  of  the  apparatus,  the  gases  to  be  tested  are 
drawn  by  the  suction  fan  through  the  sampling  tube  and  filter, 
the  wash  bottles  and  meter,  at  a  velocity  approximately  equal  to 
the  gas  velocity  in  the  mainpipe.  The  gas  in  bubbling  through  the 
wash  bottles  has  its  velocity  retarded  and  the  main  portion  of  the 
dust  is  washed  out  by  the  water  in  the  bottles.  A  small  portion  of 
fine  dust  passes  through  and  this  is  caught  by  the  wire  mesh  filter 
in  the  filter  box.  The  volume  of  gas  passed  is  recorded  on  the 
meter. 


H--A. 


«— A 


'    2) 


FIG.    17.     EQUIPMENT  FOR  THE  OSBORN   METHOD 


Dnckcnng  Method.  This  consists  of  filtering  a  measured  amount 
of  air  through  cotton  wool  and  noting  the  increase  in  weight.  The 
filter  consists  of  a  small  weighing  bottle  having  a  ground-glass 
stopper,  through  which  pass  two  tubes,  one  for  admission  and 
one  for  exit  of  air.  The  inlet  tube  terminates  in  an  inverted  thistle- 
funnel  which  is  filled  with  cotton  wool,  the  constriction  in  the  lower 
part  of  the  funnel  holding  the  wool  firmly  to  the  inlet  of  the  funnel. 

This  form  was  adopted  in  order  to  prevent  the  passage  of  air 
between  the  wool  and  the  glass.  In  this  form  all  of  the  dust  was 
collected  in  a  small  disc  of  wool  about  1.8  in.  thick  with  no  loss. 
To  prevent  the  loss  of  any  of  the  wool  the  whole  of  the  funnel 
is  covered  with  a  silk  cap  fastened  by  being  tied  at  the  con- 
strictions with  thread. 

The  filters  are  made  in  sets  of  three,  all  of  the  same  size  and 
general  arrangement.  Bottle  1,  having  the  inlet  tube,  is  cut  off 
above  thq  stopper  and  into  it  is  fitted,  by  a  ground-glass  stopper, 
a  bent  funnel.  Bottles  1  and  2,  2  and  3  are  connected  by  ground- 
glass   joints.      The   inlet  and   outlet   tubes    of   all   the   bottles   are 
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fitted  with  ground-glass  stoppers,  and  rubber  rings  are  slipped 
over  the  bottles  and  stoppers  so  as  to  hold  the  latter  firmly  in 
place.  Only  one  bottle  is  used  at  a  test,  but  three  are  dried  together. 
The  volume  of  air  filtered  is  measured  by  a  registering  gas 
meter  and  the  air  is  drawn  through  the  filter  and  meter  by  means 
of  a  Bunsen  aspirating  pump.  The  filter  and  tube  are  first  care- 
fully dried  and  weighed,  after  which  a  determined  amount  of  air 
is  drawn  through  the  filter.  The  filter  and  tube  are  again  dried 
and  weighed,  the  difference  in  weight  being  that  of  the  dust  col- 
lected.    This  weight  divided  by  the  volume  of  air  passed,  gives  the 
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amount  of  dust  per  unit  of  volume  of  air.  There  are  here  the 
same  chances  for  inaccuracy  as  in  other  filtering  methods  of  this 
character. 

Mariner  and  Hoskins  Method.  This  consists  in  filtering  a  meas- 
ured amount  of  air  through  a  specially  prepared  Soxhlet  paper 
thimble  and  noting  the  increase  in  weight  of  the  thimble.  The  ap- 
paratus is  sensibly  the  same  as  the  Brady  apparatus  except  that 
the  Soxhlet  paper  filter  is  filled  with  cotton  wool.  The  open 
end  of  the  filter  is  exposed  directly  to  the  atmosphere.  The 
method  of  procedure  and  determination  of  the  amount  of  dust 
collected  and  the  volume  of  gas  passed  is  practically  the  same  as 
with  the  Brady  aj^paratus. 

Hill  Filter  Bag  Method.  This  apparatus  consists  of  an  exhaust 
fan,  to  the  inlet  of  which  a  metal  funnel  is  connected,  the  funnel 
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being  provided  with  rings  for  holding  fine-mesh  muslin  bags,  which 
are  suspended  in  the  funnel.  The  outlet  of  the  fan  is  also 
provided  with  an  elongated  funnel  in  which  is  placed  an  anemom- 
eter to  determine  the  amount  of  air  passing  through  the  instrument. 
The  bag  is  dried  and  carefully  weighed,  and  then  placed  in  the 
cone  inlet  and  from  100  to  500  cu.  ft.  of  air  drawn  through  the 
bag  by  the  fan.  The  bag  is  again  dried  and  weighed,  the  in- 
crease in  weight  indicating  the  amount  of  dust  in  the  quantity 
of  air  handled. 

Cotton  Filter.  This  apparatus  consists  of  a  gas  testing  meter, 
the  outlet  of  which  is  connected  to  a  centrifugal  fan.  electrically- 
driven.  The  inlet  of  the  meter  is  equipped  with  a  glass  receptacle 
so   constructed   that   it   can   be   used   with   either   cotton,   sand   or 
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sugar  filtering  material.  The  cotton  filter  is  carefully  dried  and 
weighed,  as  with  the  filter  bag  method.  Both  these  methods  w^ere 
found  to  be  inaccurate  and  impracticable  due  to  the  misleading 
results  obtained,  the  loss  of  the  finer  dust  through  the  filters,  and 
the  difficulty  of  accurately  weighing  the  filter  and  dust,  due  to  the 
fact  that  the  weight  changed  during  the  weighing  on  account  of 
absorption. 

Brady  Dust  and  Moisture  Apparatus.  This  is  similar  to  the  Sar- 
gent dust  determinator.  of  which  it  was  the  original  in  its  general 
arrangement,  except  that  instead  of  the  filter  box  used  in  the  Sar- 
gent apparatus,  Brady  used  a  special  form  of  sampling  pipe  filter  and 
condenser.  This  samjiling  pipe  and  filter  consists  of  a  suitable 
size  tube  bent  at  right  angles  in  a  12  in.  radius  curve,  to  one  end 
of  which  is  removably  attached  the  filter  box  and  condenser.  The 
filter  box  is  arranged  to  carry  a  Soxhlet  extraction  shell,  removably 
held  in  place  in  the  filter  box.  The  outlet  end  of  this  filter  box  is 
connected  by  tubing  to  the  exhaust  pump  as  show-n  in  the  Sargent 
apparatus.  A  Soxhlet  filter  is  a  thimble-shaped  extraction  filter 
made  of  bibulous  paper. 
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In  operation  the  sampling  pipe  is  inserted  in  the  gas  main  with 
its  opening  opposed  to  the  direction  of  the  gas  flow  and  at  the 
point  of  mean  velocity  of  the  gas.  The  gas  is  drawn,  by  the  suction 
pump,  through  the  sampling  tube  and  filter,  at  practically  the  same 
velocity  as  that  of  the  gas  flowing  in  the  main.  The  subsequent 
operations  are  the  same  as  described  for  the  Sargent  dust  deter- 
mination. 

This  apparatus  is  complicated  and  somewhat  difficult  of  manipu- 
lation and  there  is  more  or  less  chance  for  the  personal  equation 
of  the  operator  vitiating  the  accuracy  of  the  results.  In  the  hands 
of  an  expert  operator,  however,  very  satisfactory  results  are  ob- 
tained. 

Carrier  Dry  Filter  Method.  This  is  used  in  connection  with  the 
Carrier  air  washer  and  consists  of  two  cloth  filter  bags  of  small 
size,    through    which    the   air    is    drawn    simultaneously    from   the 


FIG.  20.    THE  BR.\DY  DUST  AND  MOISTURE  APPARATUS 

front  and  back  of  an  air  washer  at  an  equal  and  constant  rate. 
The  air  is  taken  into  each  filter  bag  through  a  sampling  tube 
arranged  to  take  the  air  as  uniformly  as  possible  from  each  face 
of  the  washer.  At  the  point  of  entrance  to  the  sampling  tubes, 
there  is  an  electric  heater,  so  that  the  air  is  thoroughly  dried  out 
before  passing  into  the  bags. 

The  bags  are  weighed  before  and  after  a  determined  amount  of 
air  is  drawn  through  them.  The  ratio  between  the  weight  of  the 
dust  in  the  outlet  bag  to  the  weight  of  dust  in  the  inlet  bag,  gives 
the  percentage  of  dust  eliminated. 

Lanza  Dust  Sampling  Apparatus.  This  consists  of  a  glass  bulb 
container  for  the  filtering  medium  which  is  granulated  sugar  held 
in  place  by  a  perforated  glass  plate  in  the  bottom  of  the  glass  bulb, 
the  mouthpiece  of  a  Draeger  oxygen  breathing  apparatus  with  its 
connecting  inhalation  and  exhalation  tubes,  a  nosepiece,  and  a 
Draeger  liter  bag  having  a  capacity  of  about  5  liters.  The  sugar 
is  placed  in  the  filter  tube  which  is  connected  by  the  inhalation 
tube  to  the  mouthpiece  and  the  mouthpiece  is  connected  by  the 
exhalation  tube  to  the  liter  bag.  The  mouthpiece  is  adjusted  to 
the  mouth  of  the  operator  and  the  nose  clip  placed  on  his  nose. 
The  operator  then  inhales  and  exhales  the  air  through  the  mouth- 
piece, drawing  the  air  through  the  sugar  filter  into  his  lungs  and 
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thence  forcins^  it  out  into  the  hter  bag.  This  is  continued  until  the 
bag  is  fuH.  The  dust  in  the  air  is  caught  by  the  sugar  filter.  The 
glass  bulb  containing  the  sugar  and  whatever  dust  has  been  caught 
is  thoroughly  washed  out  with  hot  water,  dissolving  the  sugar, 
the  dust  remaining  suspended  therein.  This  solution  is  then  passed 
through  a  (iooch  crucible  of  known  weight,  using  short-fibre  asbestos 
as  a  filter.  The  hlter  is  sul)sequently  dried  at  IK)  deg.  cent,  for 
1  hour,  cooled  in  a  calcium-chloride  desiccator  to  room  temjjera- 
ture,  and  then  weighed.  The  increase  in  weight  represents  the 
weight  of  dust.  This  method  is  not  very  accurate — too  many  points 
of  uncertainty  of  operation. 
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Sarcjcnt  Dust  Detenniiiator.  This  consists  of  a  cylindrical 
aluminum  box  with  a  conical  cover  arranged  to  be  fastened  air- 
tight to  it.  Between  the  cover  and  the  box  is  inserted  a  special 
filter-paper  diaphragm  supported  in  place  on  a  wire  gauze  screen. 
An  electric  lamp  in  the  bottom  of  the  box  serves  by  its  heat  to 
keep  the  filter  dry. 

The  filter  is  of  special  make  adapted  for  dry  filtration,  it  being 
found  that  due  to  the  minute  interstices  of  this  filtering  medium 
every  atom  of  dust  is  caught,  the  side  through  which  the  dust 
enters  becoming  the  color  of  the  dust,  while  the  other  side  remains 
uncolored  and  when  two  filters  are  used  in  tandem,  the  second 
does  not  increase  in  weight  and  remains  perfectly  clean,  showing 
that  no  dust  permeates  such  a  filtering  medium. 

This  filtering  apparatus  is  inserted  in  the  connecting  pipe  be- 
tween the  air  or  gas  supply  and  a  registering  meter.     The  air  or 
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gas  and  dust  content  arc  drawn  into  the  cover  and  through  the  filter 
diaphragm,  the  (hist  hcing  fdtered  out  and  the  air  or  gas  passed 
on  through  the  registering  meter.  After  this  operation  has  pro- 
ceeded for  a  given  time,  the  filter  which  was  weighed  before  being 
placed  in  the  apjiaratus,  is  removed  with  its  dust  coating  and  again 
weighed,  the  difference  in  weight  before  and  after,  divided  by  the 
volume  of  air  or  gas  passed  as  shown  by  the  registering  meter,  gives 
the  weight  of  dust  per  unit  of  volume,  generally  in  grains  per 
cubic  foot. 

A)itcrica}i  Automatic  Suction  Dust  Filter.     This  system  consists 
of  a  number  of  specially-woven  cloth-bags,  arranged  in  a  closed 
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FIG.  23.     THE  SARGENT  DUST 
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case.  The  air  or  gas  and  dust  content  are  drawn  or  forced  into 
and  through  the  meshes  of  the  bags,  the  dust  being  retained  inside 
the  bags.  The  bags  are  weighed  before  and  after  the  filtering 
process,  and  the  difference  in  weight  divided  by  the  volume  of  gas 
passed  in  a  given  time,  gives  the  weight  of  dust  per  unit  volume, 
generally  in  grains  per  cubic  foot  of  gas.  The  same  difficulties 
and  inaccuracies  are  involved  in  this  method  as  in  all  similar  filtering 
systems. 

JVoUace  and  Tiernan  Sampling  Apparatus  for  Bacteria  Deter- 
mination. This  consists  of  a  motor-operated  exhaust  pump  con- 
nected through  a  small  cylinder  and  manometer  to  a  metal  socket 
into  which  isintroduced  a  rubber  cork  through  which  passes  a  small 
glass  tube.     A  glass  tube,  called  the  "sand"  tube,  open  at  the  top 
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and  closed  at  the  bottom  by  a  perforated  cork,  tlirougli  which 
passes  the  small  glass  tube  first  described,  is  thus  connected  with 
the  exhaust  pump. 

In  the  interior  of  the  "sand"  tube  the  cork  is  covered  with  a 
very  fine  specially  prepared  gauze  and  the  tube  is  filled  with  a 
very  fine  quality  of  specially  prepared  white  sand,  the  gauze  serving 
to  prevent  the  sand  from  being  discharged  from  the  tube. 

In  use  the  sand  tube  is  sterilized  and  sealed  and  then  connected 
to  the  exhaust  apparatus.  The  seal  is  then  removed  from  the 
free  end   of   the   tube  and   a  measured  quantity   of   air   is  drawn 


FIG.     24.       .\MERICAX     .\UTOM.\TIC 
SUCTION    DLST  FILTKR 


through  the  tube.  The  bacteria  count  is  afterwards  made  by  one 
of  the  methods  already  described. 

Brozcn  Dust  Dctcnninator.  This  apparatus  consists  of  a  variable- 
speed  motor-driven  air  pump,  a  recording  gas  meter  for  measuring 
the  volume  of  gas  or  air  passed  through  the  apparatus,  a  filtering 
medium  placed  in  the  main  gas  flue  through  which  the  gas  to  be 
sampled  is  drawn  and  in  which  the  solid  constituents  of  the  gas 
are  deposited.  There  are  also  means  for  drying  the  gas  under 
test  and  also  means  for  determining  its  temperature  and  pressure. 

The  apparatus  is  so  arranged  that  by  varying  the  speed  of  the 
suction  pump,  the  velocity  of  the  gas  passing  through  the  sampling 
pipe  can  be  made  equal  to  the  velocity  of  the  gas  passing  in  the 
main  flue.  The  filtering  medium  is  carefully  weighed,  placed  in 
the  sampling  pipe  and  inserted  in  the  gas  main;  the  speed  of  the 
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suction  pump  is  regulated  so  that  the  entering  gas  has  the  same 
speed  as  in  the  gas  main  and  the  gas  and  its  dust  content  are  filtered 
out,  the  volume  of  gas  passing  in  a  given  time  being  indicated  by  the 
recording  meter. 

The  difference  between  the  dry  weight  of  the  filtering  medium 
before  and  after  the  test,  divided  by  the  number  of  cubic  units  shown 
by  the  meter  gives  the  weight  of  dust  per  cubic  unit.  The  moisture 
is  determined  from  the  weight  of  water  in  the  drying  receptacles. 

This  apparatus  is  quite  accurate  in  its  determinations  of  the 
amount  of  dust  and  moisture  contained  in  the  air  or  gas,  as  well 
as  of  the  volume  of  the  gas,  and  is  used  with  considerable  success. 

Whipple  and  Whipple  Method  for  testing  air  cleaulincss.  It  con- 
sists in  exposing  a  given  collecting  surface  to  the  atmosphere  over  a 
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considerable  period  of  time.  The  apparatus  consists  of  two- 
quart  tin  pails  in  which  are  inserted  large  open-mouth  glass-jars. 
About  1  Hter  of  distilled  water  is  placed  in  each  and  they  are 
suspended  about  20  ft.  above  the  surface  of  the  street.  After 
about  2  weeks  exposure  about  one-half  the  water  has  evaporated. 
The  contents  of  the  jars  are  carefully  washed  out  and  made 
up  to  one  liter  in  volume.  The  water  is  evaporated  and  the  soHd 
contents  weighed.     Analyses  are  also  made  for  silica  and  iron. 

The  results  are  not  very  accurate  but  the  method  serves  as  a  means 
of  comparison  of  the  relative  cleanliness  of  the  air  at  various  places 
in  cities  or  elsewhere. 

Various  visual  methods  have  been  suggested  such  as  revolving 
in  the  air  a  white  paddle  wheel  whose  blades  are  coated  with 
syrup  and  noting  the  resulting  discoloration  of  the  blades. 

Palmer  Water  Spray  Apparatus.  This  consists  of  a  glass  bulb 
with  a  tubular  elongation  at  each  end.  The  lower  tube  is  V-shaped 
and  in  its  lower  part  or  trap  are  placed  about  40  cc.  of  distilled 
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water.  Air  is  exhausted  from  the  upper  end  of  the  bulh  by  means 
of  a  suction  fan. 

The  air  to  be  tested  is  (hawn  in  through  the  inlet  end  of  the 
bulb,  displacing  the  water  from  the  V-tube  which  on  reaching  the 
bulb  enlargement  breaks  into  a  fine  shower  or  spray.  The  force 
of  the  air  stream  keeps  the  water  in  constant  spray  formation  and 
the  air  itself  is  washed  of  its  suspended  dust  as  it  passes  through 
this  water  spray.    The  air  is  measured  by  a  special  meter. 

After  a  test  run  is  completed  the  water  and  dust  content  is 
decanted  and  the  bulb  rinsed  with  water  making  the  total  up  to  about 
100  cc. 

The  dust  content  thus  secured  may  be  estimated  either  by  reading 
its  turbidity  against  a   set  of  standards,  or  by  counting  the  dust 


FIG.  26.     THE  P.ALMER  W.\TER  .SPR.W  .\PP.\RATUS 


particles  in  a  portion  of  the  sample  under  the  microscope,  or  by 
weighing  the  solids  after  filtration  through  a  Gooch  crucil^le,  or 
after  evaporation  to  dryness. 

Dreschel  Wash  Bottles.  A  modified  form  of  the  ordinary  wash 
bottles  is  here  used,  the  action  being  reversed  and  the  air  drawn  in 
and  bubbled  through  the  water  in  the  bottle.  This  form  of  washer 
is  used  for  collecting  dust,  etc.,  from  air  or  gases  by  bubbling  the 
air  or  gases  through  water  contained  in  the  bottle.  In  use  the 
outlet  end  of  the  bottle  is  connected  to  a  meter  for  measuring  the 
volume  of  air  or  gas  passed  and  the  meter  is  connected  to  an 
exhaust  apparatus.  After  passing  a  determined  amount  of  air  or 
gas  (50  to  100  cu.  ft.)  the  bottle  is  emptied  into  an  evaporating 
dish,  the  water  evaporated  and  the  residue  weighed. 

This  method  is  inaccurate  in  that  all  of  the  dust  is  not  retained 
by  the  water  even  when  the  gas  is  bubbled  through  at  a  low 
velocity,  the  finer  particles  in  the  interior  of  the  bubbles  being 
car'-ied  through.  Instead  of  evaporating  the  w^ater  and  weighing 
the  residue,  specimens  of  the  water  in  the  bottle  are  taken  and  a 
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count  is  made  with  a  Sedgwiok-Rafter  cell.  This  is  not  very  accurate 
or  uniform  in  results. 

Knowles  Dust  Saiiiplliif/  Method.  This  f(jnn  and  method  of 
dust  sampling  is  an  im])rovement  on  other  similar  methods,  notably 
the  Liefman  and  Hill  methods,  in  which  a  surface  is  coated  with 
an  adhesive  substance  to  which  the  dust  particles  adhere  and  which 
can  then  be  dissolved  in  a  liquid  which  has  no  solvent  action  on 
the  dust  particles,  the  dust  particles  being  afterwards  separated 
from  the  liquid  by  filtration,  or  by  evaporation  of  the  liquid,  and 
then  weighed.  At  the  same  time  a  record  is  made  of  the  volume 
of  air  or  gas  passed,  the  relation  of  the  weight  of  dust  to  the 
volume  of  air  giving  the  amount  of  dust  per  unit  of  volume. 

This  apparatus  was  developed  for  the  purpose  of  determining 
the  amount  of  dust  in  large  volumes  of  high  temperature  flue  gases 


FIG.  27.     THE  DRESCHEL  WASH  BOTTLE  METHOD 


and  has  been  so  arranged  that  it  is  almost  entirely  mechanical  in 
operation,  involving  a  minimum  of  hand  manipulation,  and  that  of 
a  purely  perfunctory  character,  thus  practically  eliminating  the 
personal  equation. 

The  apparatus  consists  of  a  metal  blade,  rectangular  in  shape, 
of  a  length  sufficient  to  pass  diametrically  from  one  side  of  the 
gas  flue  to  the  other,  and  of  a  width  sufficient  to  make  the  total 
area  of  the  blade  an  even  number  of  square  inches,  such  as  24 
by  6  in.,  equalling  144  sq.  in.  The  blade  is  made  of  polished 
sheet-metal,  stiffened  by  rounding  the  edges  and  is  provided  with 
a  handle  at  the  upper  end  for  holding  and  manipulating.  In  test- 
ing an  air  washing  or  dust  separating  apparatus,  two  such  blades 
are  used,  one  for  the  inlet  and  one  for  the  outlet  ends. 

There  is  also  provided  a  sheet  metal  tank,  rectangular  in  cross 
section  and  of  sufficient  length  to  fully  enclose  the  metal  paddle. 
The  bottom  of  the  tank  is  made  conical  with  a  stoppered  opening 
at  the  apex  of  the  cone  and  it  is  provided  with  legs  on  which  it  is 
supported  in  a  vertical  position. 

A  rectangular  opening  is  made  in  the  gas  flue,  at   its  highest 
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point,  of  sufficient  size  to  permit  the  passage  there- through  of 
the  test  blade  without  contact  with  the  opening.  In  operation,  the 
convex  side  of  the  blade  is  evenly  and  thinly  coated  with  a  high- 
temperature-resisting  oil,  such  as  heavy  cylinder  oil  and  the  tank 
is  filled  with  gasoline.  The  test  plate  is  inserted  vertically  through 
the  opening  in  the  flue  and  passed  through  until  it  reaches  the 
other  side,  the  coated  side  being  opposed  to  the  direction  of  the 
flow  of  the  gas,  and  it  is  held  in  this  position  for  a  given  time, 


^ 


FIG.   28.     THE  KNOWLES  DUST  SAMPLING  METHOD 


generally  about  30  seconds,  when  it  is  withdrawn,  its  time  of 
entrance  and  withdrawal  being  carefully  timed. 

The  dust  in  the  flue  gas  impinging  on  the  coated  surface  of  the 
test  plate  adheres  to  the  same  and  is  withdrawn  with  it.  The 
plate  is  then  immersed  in  the  gasoline  in  the  tank  and  gently  moved 
up  and  down  in  the  same.  The  gasoline  dissolves  the  oil,  holding 
it  in  solution,  and  the  dust  settles  to  the  bottom  of  the  tank. 

After  the  dust  and  oil  have  been  thus  removed  from  the  plate, 
it  is  wiped  dry,  again  coated  with  oil  and  the  operation  again 
repeated.     This  may  be  done  quite  a  number  of  times  before  the 
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gasoline  gets  saturated  with  oil,  thus  giving  a  cumulative  test  and 
amount  of  dust. 

At  the  time  that  these  plates  are  being  exposed,  the  velocity  of 
the  gas  in  the  flue  is  measured  at  different  points  in  the  flue  so 
that  an  average  velocity  may  be  obtained.  This  is  done  preferably 
by  means  of  a  specially  designed  anemometer  so  arranged  that 
it  can  be  inserted  through  an  opening  in  the  flue  and  automatically 
started  and  stopped  from  the  outside. 

After  the  desired  number  of  tests  has  been  made  (the  more, 
the  better  the  average),  the  tank  is  emptied  into  a  large  bottle  or 
container  and  carefully  washed  out  with  gasoline  until  every  trace 
of  dust  is  removed  from  the  tank.  The  dust  is  then  allowed  to 
completely  settle  in  the  container,  when  the  supernatent  liquid  is 
carefully  drawn  off,  fresh  gasoline  added  and  the  dust  shaken 
up  and  again  allowed  to  settle. 

After  this  has  been  done  several  times,  there  will  remain  at  the 
bottt)m  the  dust  and  a  w^eak  solution  of  oil  in  gasoline.  This  is 
then  filtered  through  a  double  weighed  filter,  one  paper  filter  inside 
the  other.  The  filters  take  up  the  oil  from  the  gasoline,  both  be- 
coming equally  saturated. 

After  the  original  liquid  (oil  and  gasoline),  has  passed  through 
the  filters,  they  are  washed  with  fresh  gasoline,  separated  and 
dried.  The  inner  filter  contains  the  dust  and  has  also  increased 
in  weight  by  the  added  oil  which  it  has  absorbed.  The  outer  filter 
has  also  increased  equally  in  w^eight  by  the  oil  which  it  has  absorbed. 

The  filters  are  then  weighed,  the  difference  in  weight  of  the  outer 
filter  before  and  after  giving  the  weight  of  oil  absorbed  by  the 
filters.  The  difference  in  weight  of  the  inner  filter  before  and 
after  gives  the  weight  of  the  dust  plus  the  oil  absorbed  by  the  filter. 
The  weight  of  oil  found  by  the  outer  filter  subtracted  from  this 
weight  gives  the  weight  of  dust  collected. 

This  oj)eration.  while  long  to  explain,  is  very  short  to  perform 
and  is  quite  mechanical,  giving  very  little  chance  for  error.  In 
case  it  is  desired  to  test  the  percentage  of  dust  eliminated  by  an 
air  washer  or  dust  separator,  two  paddles  and  tanks  are  used, 
one  for  the  inlet  and  one  for  the  outlet  of  the  washer  or'separator 
and  observations  are  made  simultaneously  at  both  points.  The 
ratio  of  the  dust  obtained  at  the  inlet  to  the  dust  obtained  at  the 
outlet  wdll  give  the  percentage  of  dust  eliminated  by  the  apparatus 
under  test. 

The  Szvinhurne  Photographic  Smoke  Recording  Apparatus.  The 
principle  of  operation  is  that  of  photographing  the  smoke  scale 
and  the  smoke  on  the  same  plate,  so  that  any  variation  of  tone  of 
the  negative  due  to  any  cause  will  affect  equally  both  the  chart 
and  the  smoke  and  thus  a  fair  comparison  be  obtained  betw'een 
the  two.  The  scale  is  made  by  putting  a  process  plate  in  a  print 
frame  with  a  paper  screen  in  front  of  it  having  a  rectangular 
opening  in  the  upper  part  of  the  screen  to  correspond  to  the  smoked 
scale.  This  opening  is  covered  by  a  paper  shutter  w^hich  is  with- 
drawn in  steps,  say  eight,  and  the  plate  exposed  in  geometrical 
progression  to  the  light  of  a  candle  about  2  ft.  away.     This  plate 
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is  then  developed  and  serves  as  a  scale  of  densities  for  smoke 
comparison.  For  operation  this  scale  plate  is  mounted  in  the 
camera  in  front  of  the  sensitive  plate  and  exposure  of  the  smoke 
is  made  through  the  scale  plate. 

Lozi'den's  Smoke  Tintometer.  This  consists  of  a  metal  tube  having 
an  eyepiece  at  one  end  and  provided  with  two  apertures  at  the 
other.  One  of  the  apertures  is  fitted  with  a  revolving  diaphragm 
by  means  of  which  it  is  possible  to  bring  different  pieces  of  tinted 
glass  in  front  of  the  aperture.  The  diaphragm  has  six  holes,  cor- 
responding in  size  to  the  objective  aperture  and  five  of  these  have 
tinted  glass  of  varying  density  marked  0  to  5  and  corresponding 
in  density  to  the  Ringelmann  smoke  chart.  The  smoke  is  observed 
through  the  apertures,  the  one  with  the  diaphragm  being  clear  of 
the  smoke,  and  by  revolving  the  diaphragm  the  smoke  color  can 
be  matched  with  one  of  the  tinted  glasses. 


FIG.    29.       THE     SWINBURNE     PHOTOGRAPHIC 
SMOKE    RECORDING    METHOD 


Bonham  and  IVeher  Method.  This  is  a  continuous,  automatic 
method  of  recording  the  smoke  density  somewhat  similar  to  the 
Hambler-Eddy  Method.  It  consists  of  two  large  drums  revolved 
by  clock  work.  On  one  drum  is  wound  a  specially  prepared  white 
tape,  so  treated  as  to  retain  the  soot  and  dust  on  its  surface,  the 
end  of  this  tape  being  attached  to  the  other  drum. 

An  electrically  operated  fan  draws  a  small  portion  of  the  gas 
and  dust  from  the  flue  or  chimney  and  forces  it  at  a  pressure 
through  a  small  opening  onto  the  prepared  surface  of  the  tape. 
The  whole  is  enclosed  in  a  dust-proof  box.  The  dust  makes  a  more 
or  less  dense  discoloration  on  the  tape  according  to  the  amount  in 
the  gas,  which  serves  for  comparison  with  a  standard  scale. 

This  method  may  be  modified  by  using  an  unprepared  tape,  and 
passing  it  over  the  pipe  orifice  and  forcing  the  gas  through  the 
tape,  the  dust  being  filtered  out  and  held  by  the  tape. 

Wells  Centrifuge.  Used  for  sampling  bacteria,  it  consists  of  a  ver- 
tical cylinder  provided  with  extended  tubular  arms.  The  rapid  rota- 
tion of  this  cylinder  causes  a  current  of  air  to  pass  down  an 
aperture  at  the  axis  of  the  cylinder  into  a  glass  tube  whose  walls 
are  coated  with  gelatine  or  agar  and  thence  up  and  out  through 
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the  tubular  arms  or  vanes.  The  centrifugal  action  and  the  lessened 
velocity  through  the  glass  tube  cause  the  suspended  matter  to 
precipitate  against  the  walls  of  the  tube.  The  subsequent  incuba- 
tion of  the  tube  permits  a  growth  of  colonies  where  the  individual 
bacteria  have  alighted,  and  these  colonies  are  counted. 

Wallace  and  Ticrnan  modification  of  the  Wells  centrifuge  con- 
sisted of  a  metal  bowl,  8  in.  in  diameter  and  6  in.  in  height,  whirled 
by  a  direct-connected  electric  motor  mounted  on  a  vertical  shaft. 
So  much  difficulty  was  found  in  the  use  of  this  apparatus  that  it 
was  abandoned. 

CO\CLU.SIONS 

In  conclusion,  as  has  already  been  stated,  it  must  be  constantly 
borne  in  mind  that  no  one  method  of  dust  determination  will  serve 
all  purposes.  The  determination  of  a  small  amount  of  dust,  bacteria, 
etc.,  in  a  large  volume  of  air  or  gas  is  one  thing  and  the  determina- 
tion of  a  large  amount  of  dust  in  a  relatively  small  volume  of  air 
or  gas  is  another;  their  re(|uirements  arc  different  and  different 
methods  of  determination  are  required  for  each. 

The  one  most  accurately  adapted  to  the  determination  in  view 
is  the  one  to  be  used,  as  in  any  event,  by  any  method  of  dust 
determination  the  results  are  relative  only  and  under  the  best  of 
conditions  give  only  a  close  approximation  to  absolute  accuracy. 
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TOPICAL  DISCUSSION 


MINE  VENTILATION 

The  President:  The  Secretary  has  received  an  interesting  com- 
munication from  Mr.  Jos.  J.  Walsh,  Mine  Inspector,  Tenth  Anthra- 
cite Inspection  District,  Wilkesbarre,  Pa.,  that  is  worthy  of  the 
attention  of  the  Meeting. 

The  statement  was  read  by  the  Secretary  as  follows: 

INFLUENZA  AMONG  COAL  MINERS 

During  the  recent  influenza  epidemic  it  was  noticed  that  the  disease  was 
more  prevalent  in  some  mines  than  in  others.  It  was  also  found  that  the  same 
relative  proportion  of  cases  did  not  exist  in  tlie  different  sections  of  the 
same  mine,  notwithstanding  the  fact  that  the  "physical  conditions,  and  the 
mining  methods  were  similar,  and  that  the  employees  of  the  different  mines 
resided  in  communities  equally  affected  by  the  plague. 

Believing  that,  possibly,  an  increased  carbon  dioxide,  or  a  reduced  oxygen 
content  of  the  mine  air  would  have  some  influence  in  the  propagation  of  the 
disease,  the  writer  set  out  to  identify  the  bad  factor.  Samples  of  air  were 
taken  from  the  different  mines  and  analyzed  in  order  to  establish  a  relation, 
if  any,  between  the  disease  and  the  mine  air,  each  factor,  namely,  oxygen, 
carbon  dioxide,  nitrogen  and  the  wet  and  dry-bulb  temperatures  were  plotted 
against  the  percentages  of  influenza  cases ;  it  was  found,  however,  that  no 
relation  existed  between  these  factors  and  the  disease.  Neither  did  it  appear 
that  resistance  to  infection  was  influenced  by  an  air  condition  in  which,  it 
was  shown  by  analysis,  the  oxygen  content  was  20  per  cent,  and  in  which 
carbon  dioxide  was  present  to  the  extent  of  0.4  per  cent. 

It  was  found,  however,  that  the  relative  humidity  of  the  air  in  which  the 
men  worked  was  the  most  influential  factor  and,  when  high,  appeared  to 
furnish  an  appreciable  advantage  to  health. 

In  the  30  or  more  air  conditions  examined  it  was  found,  as  shown  by  the 
following  chart,  that  the  percentage  of  influenza  cases  was  low  in  mines  in 
which  the  relative  humidity  was  high,  and  the  disease  was  more  prevalent 
where  saturation  was  low.  In  this  connection  it  seems  feasible  to  state  that 
in  no  case  did  the  wet-bulb  temperature  exceed  61  deg.  fahr. 

Jos.  J.   Walsh,   Inspector. 


Presented    at    the    Annual    Meeting    of    The    American     Society    of    Heating    and 
Ventilating   Engineers,   New   York,  January.    1919. 
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Relation  Between  Percentage  of  Miners  Sick 
from  Influenza,  and  the  Relative  Humidity  of 
the  Atmosphere  in   Which  They  Worked. 

14th  Anthracite  District,  Nanticoke,  Pa. 


Mines 

Per   Cent. 
Humidity  c 
Mine  Air 

Percentage 
of  Employ( 
Sick 

(iroup  1 

75-80 

61.6 

Group  2 

80-85 

56.2 

Group  3 

85-90 

52.4 

Group  4 

<X)-95 

39.2 

Group  5 

95-100 

18.5 

DISCUSSION 


TiiEonnuK  Weixsiiank  :  About  two  years  ago  I  attended  a  Ken- 
tucky State  Miners'  Convention  at  Lexington.  At  the  meeting 
tlKMc  were  a  number  of  pai)€rs  read  on  the  prevention  of  explosions 
in  mines.  In  a  certain  paper  read,  there  was  pointed  out  that  all 
causes  of  explosions  were  due  to  coal  dust  which  accumulates  in 
pockets  and  sometimes  explodes  through  spontaneous  comlmstion, 
and  sometimes  by  coming  in  contact  with  a  miner's  lamp.  Touring 
the  discussion  of  the  paj:)er  I  inquired  whether  moistening  of  the 
walls  and  ceiling  of  the  mine  would  prevent  these  explosions.  The 
prevailing  opinion  of  those  present  was  that  if  the  air  which  is 
ilelivered  to  the  mines  was  saturated  to  the  dew  point  these  explo- 
sions would  be  absolutely  eliminated. 

1  then  stated  that  if  this  is  true,  there  is  not  a  mine  in  the 
United  States  that  is  ])roperly  ventilated.  My  contention  was  that 
if  a  mine  is  properly  ventilated  and  the  air  is  changed  three  or  four 
times  an  hour,  then  the  temperature  of  the  mine  should  varv  in  the 
winter  and  the  summer.  For  example,  if  the  outside  temperature  is 
zero,  and  there  is  a  change  of  air  in  the  mine  three  or  four  times 
an  hour,  then  the  temperature  of  the  mine  must  necessarily  drop. 
Also,  if  the  outside  temperature  is  100  deg.  fahr.,  then  the  tem- 
perature of  the  mine  must  necessarily  raise,  whereas  the  gentleman 
who  read  the  paper  stated  that  the  temperature  of  the  mine  alwavs 
remains  at  fiO  deg.  or  05  deg.  This  statement  is  proof  that  the  tem- 
j)erature  of  the  earth,  which  supplies  the  heat  in  the  winter  and  cold 
in  the  summer,  is  controlling  the  temperature  of  the  mine,  and  not 
the  amount  of  air  delivered.  In  other  words,  there  is  not  enough 
air  1)eing  delivered  to  the  mine. 

I  also  stated  that  as  a  heating,  and  not  a  mining,  engineer,  if  they 
would  give  me  an  example  of  a  certain  mine  with  a  known  cubic 
contents,  I  could  design  a  fan  for  them  and  an  air  washer,  or  rather 
moistening  apparatus,  that  would  deposit  a  certain  amount  of  mois- 
ture on  the  walls  and  roof  of  the  mine  that  would  prevent  a  dust 
accumulation  at  anv  time. 
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1  was  then  asked  what  tlie  probable  eost  would  be  of  siieh  an 
installation,  and  told  them  it  would  run  from  $100,000  to  $120,000. 
This  was  ridiculed  as  too  expensive  a  proposition.  In  other  words, 
it  was  an  admission  by  the  operators  that  the  question  of  ventilalinfj 
mines  is  one  of  cost. 

I  further  stated  that,  after  listening  to  the  discussion  about  the 
ventilation  of  mines,  I  was  convinced  that  our  mines  are  not  prop- 
erly ventilated,  nor  is  the  air  being  saturated  to  the  extent  that 
would  deposit  moisture  in  the  mines  and  so  prevent  explosions. 

11.  L.  Williams:  1  can  talk  on  that  subject  a  little,  because  1 
have  had  mining  exi)erience.  I  cannot  (juite  agree  with  Mr.  W'ein- 
shank.  In  the  great  majority  of  cases  in  mines  it  will  be  found  that 
the  question  of  moisture  is  decided  for  us  before  we  start.  In  one 
mine,  for  instance,  we  jHunped  "^.000  gal.  of  water  a  minute.  We  get 
all  the  air  into  that  mine  that  we  want,  as  a  usual  thing.  I  agree 
with  Mr.  Weinshank  that  a  great  many  of  our  mines  lack  air — 
there  is  no  question  about  that.  But  the  question  of  moisture  is  one 
that  does  not  bother  the  mine  very  much.  I  do  agree  with  him 
in  stating  that  the  great  trouble  that  is  experienced  in  mine  ventila- 
tion is  due  to  the  fact  that  there  is  not  the  air  circulation  in  the 
mine  that  there  should  be.  If  there  is  proper  circulation  of  air  in  a 
mine  the  moisture  will  take  care  of  itself  without  a  question  of  a 
doubt ;  but  get  the  air  in  and  the  air  conditions  will  be  better. 

Of  course,  mines  dilYer.  There  are  some  mines  that  have  more 
dust  than  others.  Our  greatest  difficulty  was  to  get  rid  of  the  powder 
smoke  and  things  of  that  kind  and  I  found  the  best  way  to  get  rid 
of  that  was  to  pump  in  a  lot  of  air.  When  there  are  considerable 
pounder  smells  in  a  mine  the  men  can't  stay  there  and  work.  But  as 
far  as  the  question  of  moisture  is  concerned,  there  is  nothing  that 
can  be  done.     Moisture  is  always  there. 

TiiE(UK»RE  Weixsii.\nk  :  I  was  informed  that  they  have  a  con- 
trivance for  preventing  explosions  in  mines,  consisting  of  a  water 
tank  under  air  pressure,  which  is  carried  through  the  mine  and  the 
walls  and  roof  sprinkled  so  as  to  prevent  any  accumulation  of  flust. 

The  claim  is  made  that  the  air  which  is  delivered  to  the  mine 
through  a  shaft  is  dry.  picks  up  considerable  dust  on  its  way  down 
and  deposits  this  dust  in  the  mine,  which  eventually  finds  its  way 
into  air  pockets — another  proof  that  the  moistening  of  air  is  more 
im{)ortant  than  the  question  of  air. 

W.  H.  Carrier:  I  understand  that  mines  are  classified  in  that  re- 
spect as  dry  mines  and  wet  mines.  In  wet  mines  there  is  no  trouble 
at  all  about  the  moisture  proposition  and  dust  proposition.  The  dry 
mines  are  the  ones  that  offer  the  problem,  and  they  are  in  the 
majority. 
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That  is  due  in  a  measure  to  the  fact  that  the  rock  is  not  moist 
and  there  is  not  a  moist  surface  present  all  the  time.  In  the  dry  mine 
if  air  is  introduced  of  a  higher  dew  point  than  the  temperature  of 
the  earth,  which  we  cannot  change  by  ventilation  to  any  great 
extent  on  account  of  the  small  heat  capacity  of  the  air  relative  to 
the  heat  capacity  of  the  earth,  the  moisture  would  precipitate  itself. 
It  does  that  in  moist  days.  That  merely  means  the  dew  point  of  the 
air  is  below  the  temperature  of  that  mine  and  the  surfaces  dry  off 
where  the  rocks  contain  no  moisture  in  themselves. 

E.  S.  Hallett  :  The  mines  that  have  explosions  are  very  largely 
dry  mines.  About  St.  Louis  the  Illinois  mines  are  dry,  and  they 
had  some  disastrous  explosions  over  there  a  few  years  ago,  and 
they  had  drastic  laws  made  in  Illinois  in  regard  to  those  things.  The 
operators  complained  very  greatly  of  the  expense,  that  they  were 
nearly  broken  up  by  the  enormous  amount  of  expense  they  have  had 
in  complying  with  the  laws  of  Illinois  in  safeguarding  those  mines, 
but  they  are  apparently  now  on  a  safe  basis  as  to  the  ventilation 
nnd  water  supply.  They  are  all  piped  up  just  hke  a  house  as  re- 
quired by  law  in  that  State.  But  it  is  not  possible  by  any  system  of 
ventilation  to  change  the  temperature  of  the  interior  of  a  mine  to . 
any  great  extent.  One  of  the  most  curious  incidents  is  in  two  shafts 
connected  together  on  the  same  level,  with  a  natural  ventilation, 
causing  complete  circulation,  when  once  started. 

One  of  those  mines  has  been  abandoned  with  those  shafts  in 
working  order,  that  is,  the  shafts  were  open  and  the  air  circulation 
continued  right  along,  winter  and  summer.  The  cross-connection 
tlrift  between  them  100  ft.  down  was  full  of  ice  due  to  the  conden- 
sation from  this  air  that  was  passing  through.  It  accumulated  dur- 
ing the  winter  and  there  wasn't  heat  enough  getting  through  there 
to  melt  it  out,  and  so  it  just  remained,  a  permanent  block  of  ice. 

Theodore  Weinshank  :  A  statement  was  made  at  the  meeting 
that  they  can  control  the  humidity  of  the  air  in  the  summer  better 
than  they  can  in  the  winter,  by  using  natural  ventilation.  This,  I 
explained,  is  due  to  the  fact  that  the  warm  air  entering  the  mine 
and  the  cooler  strata  will  condense  the  moisture  in  the  air  and  thus 
deposit  a  certain  amount  of  moisture  on  the  walls  and  roof. 

The  explosions  so  far  recorded  have  occurred  for  the  most  part 
during  the  winter,  which  is  another  proof  of  the  moisture,  as  the 
air  is  dry  in  the  winter  time  and  delivering  air  into  the  mine  wliicli 
has  a  higher  temperature,  absorbs  the  moisture  and  therefore  allows 
more  dust  to  lodge  in  the  air  pockets. 

My  attention  was  called  to  the  fact  that  fewer  explosions  occur 
in  Scotland  than  the  United  States.  This  is  explained  partly  by  the 
fact  that  the  Scotchman  has  learned  more  about  the  ventilating  of 
mines  and  partly  because  the  air  is  more  moist,  and  there  is  not  as 
much  dust  accumulation. 
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I  expressed  hope  that  the  incoming-  President  would  appoint  a 
committee  on  the  Investigation  of  Mine  X'entilation.  Cost  should 
not  be  taken  into  consideration.  If  we  can  save  20  or  30  lives  every 
year  now  lost  on  account  of  explosions,  the  expenditure  of  $120,000 
or  even  $200,000  to  properly  ventilate  a  mine  would  be  well  invested. 

The  President:  In  Scotland  the  same  conditions  prevail  as  be- 
tween the  wet  and  dry  mines  here.  The  first  four  plants  that  we 
equipped  over  there  were  dry  mines.  They  were  in  a  district  where 
every  one  had  had  explosions  before,  and  two  of  the  plants  that  we 
equipped  blew  up  not  very  long  after  we  had  our  apparatus  in.  So 
we  began  to  analyze  this  thing  and  w^e  found  out  what  w^as  the 
matter.  And  I  don't  think  a  plant  put  in  by  us  in  the  last  nine 
years,  has  had  an  explosion  in  it.  Explosions  in  mines  can  to  a 
very  large  extent  be  prevented  by  the  education  of  the  operator 
as  to  the  lines  on  which  to  circulate  air.  Some  may  be  due  to  the 
circulation,  that  has  caused  an  undue  amount  of  dust  in  that  sec- 
tion, and  if  spontaneous  combustion  takes  place,  firedamp,  it  is 
gone.  Those  things  can't  be  helped  unless  the  people  are  educated ; 
and  they  gradually  are  getting  methods  of  inspection  and  making 
suitable  provision  for  seeing  that  the  circulation  is  constantly  kept 
up,  which  helps. 

When  we  talk  about  moistening  a  mine,  I  don't  know  how  many 
realize  what  moistening  a  mine  means.  We  have  put  in  equipment 
where  they  handled  1,250,000  cu.  ft.  of  air  a  minute,  and  it  requires 
a  1500  h.p.  motor  to  operate  it.  The  shaft  of  the  fan  alone  weighed 
5  tons.  When  we  come  to  handle  that  amount  of  air  and  moisten 
that,  it  is  going  to  cost  in  the  neighborhood  of  several  thousand 
dollars  a  day  and  you  can't  interest  them  in  it  when  they  can  get 
by  without  it. 

One  of  the  other  factors  that  enter  into  this  is  sometimes  to  the 
advantage  of  one  who  is  trying  to  do  a  good  job  of  ventilation  in  a 
mine,  and  sometimes  decidedly  the  opposite,  and  that  is  that  all  those 
ventilation  laws  are  bound  up  locally,  and  you  have  got  to  come 
within  certain  prescribed  limits.  Once  in  a  W'hile  those  limits  are 
just  as  much  too  low  as  they  used  to  be  altogether  too  high  in  the 
estimation  of  the  operator  wdien  they  first  went  into  effect.  The 
velocity  through  a  passageway  or  an  air  channel,  through  a  wicket, 
or  whatever  provision  is  made  for  it,  has  a  great  deal  to  do  with 
the  results  that  you  get  as  to  comfort,  as  to  how  dry  the  place 
may  be,  etc.  If  there  is  a  branch  that  shoots  off  from  the  main  tun- 
nel there  may  be  two  men  working  there  and  one  mule,  and  you  only 
have  about  GOO  cu.  ft.  a  minute  going  in  there.  That  is  not  enough 
in  some  cases ;  it  depends  altogether  on  what  size  the  vein  is.  In  a 
similar  case  you  may  have  12  men  up  in  there  and  you  may  have 
a  whole  train  of  mules  working  back  and  forth  together  with  those 
people.  There  the  velocity  is  so  high  that  you  would  have  to  have 
ah  enormous  amount  of  water  going  in  to  get  that  condition  of  air. 
Those  are  all  conditions  arising  in  mine  ventilation. 
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W.  H.  Carrier:  In  reference  to  the  question  of  cost,  I  think  the 
biggest  item  probably  is  the  first  cost  of  installation,  doing  the  thing 
as  it  should  be  done.  I  think  some  computations  have  been  made  of 
the  exhaust,  that  is  available  from  one  of  the  big  fans.  Of  course, 
that  is  only  a  small  item  of  the  whole  thing,  but  with  the  exhaust 
of  the  entire  system,  a  large  amount  of  live  steam  would  have  to  be 
added  to  maintain  summer  conditions.  For  the  greater  part  of  the 
low  dewpoint  season  the  cost  would  not  be  very  excessive,  when 
they  are  getting  the  coal  out  of  the  mine ;  but  it  is  the  first  cost  that  is 
the  big  stumbling  block. 


No.  509 

TOPICAL  DISCUSSION 

CLEAN-OUT  OPENINGS  IN  HEATING  BOILERS 

Iames  a.  Donnelly:  I  will  try  to  give  my  experience  and  the 
reason  why  1  have  been  doing  something  along  this  line.  A  good 
many  years  ago  when  we  got  a  plant  that  didn't  w'ork  very  well, 
whether  it  was  a  one  pipe  steam  plant  or  two  or  three  pipe,  we  used 
to  put  in  equalizing  pipes,  or  put  in  special  drips,  and  the  water 
would  leave  the  boiler.  We  called  in  a  lot  of  other  men,  and  would 
install  various  other  connections  in  the  way  of  piping.  I  don't  know 
whether  the  steamfitters  are  using  any  different  compounds  for 
making  joints  than  they  used  to.  They  are  accusing  the  steam  boiler 
concerns  of  using  much  different  core  mixtures  than  they  used  to. 
They  say  they  used  to  use  molasses  and  now  they  accuse  them  of 
using  tarvia,  that  they  manufacture  roads  with.  I  don't  know 
what  they  are  using,  but  we  are  getting  an  awful  mess  in  the  boilers 
and  pipes  that  come  from  the  factory,  with  the  fish  oil,  the  scale, 
carbon,  core  mixture,  sand,  and  little  pieces  of  iron  and  the  stuff'  the 
steamfitter  takes  in  and  the  mortar  the  i)lasterer  drops,  so  that  it  is 
an  awful  mess  in  the  boiler.  I  have  had  men  put  into  a  boiler 
everything  from  a  gallon  of  vinegar  to  a  quart  of  muriatic  acid. 

Around  four  or  five  years  ago  I  started  three  of  my  men  in  com- 
petition in  cleaning  out  boilers,  and  v/e  raised  the  safety  valve  and 
put  a  connection  from  the  top  and  began  boiling  them  oft'.  They 
stuck  the  pipe  out  of  a  window,  or  to  a  sink  drain  and  added  water  at 
the  bottom  and  let  it  boil  oft'  at  the  top;  we  don't  have  to  fill  a 
boiler  full  to  boil  it  off.  I  have  done  that  to  a  boiler  as  many  as 
six  times  and  still  found  a  lot  of  dirt. 

We  have  always  tried  to  get  into  the  bottom  of  the  boiler.  It  has 
some  large  plugs  and  some  large  bushings  where  the  connections 
were  in.  Finally,  in  desperation,  on  a  railroad  job,  we  disconnected 
all  the  piping  and  took  out  all  the  bushings  and  then  we  found  what 
had  been  causing  all  the  trouble  was  G  in.  of  mud.  In  spite  of  the 
fact  that  low  pressure  boilers  work  under  different  conditions  from 
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high  pressure,  there  were  fully  G  in.  of  mud  in  the  bottom  of  that 
boiler,  which  had  been  in  use  five  years. 

The  same  thing  is  true  with  two  boilers  in  a  battery,  only  more 
so.  We  all  know  the  trouble  we  have  when  we  have  two  or  three 
boilers  hooked  up  and  run  them  on  the  same  water  line.  Occa- 
sionally we  find  two  boilers  of  different  sizes  running  in  line.  One 
pf  the  best  remedies  I  have  found  on  a  round  boiler  is  to  tap  the 
boiler  right  on  the  water  line  and  run  a  horizontal  pipe  to  the  tap 
in  the  other  boiler.  Then  when  the  water  in  one  boiler  gets  higher 
than  the  other  it  runs  across  from  one  steam  dome  to  the  other ;  it 
is  an  overflow  from  one  boiler  to  the  other. 

We  also  tried  to  get  out  some  standard  clauses  for  specifications. 
In  going  to  the  architect  or  engineer  and.  asking  him  for  two  clean- 
out  openings  in  a  boiler,  so  as  to  give  the  boiler  a  frequent  cleaning,  it 
is  not  surprising  he  agreed  to  do  it.  I  have  never  had  an  architect 
or  engineer  refuse.  It  does  not  look  like  a  serious  matter  to  him  to 
have  two  openings  in  the  bottom  of  a  boiler.  It  is  in  the  specifica- 
tions. Then  ask  him  to  put  a  clause  in  the  specifications  calling  for 
a  surface  blow-out  through  a  T  below  the  safety  valve  or  an  open- 
ing in  the  top  of  the  boiler,  put  a  valve  in  the  pipe  and  leave  it  there. 
No  difficulty  in  getting  them  to  do  this.  The  difficulty  comes  with 
the  boiler  manufacturer  to  provide  those  openings  because  he 
thinks  in  larger  terms.  He  thinks  of  20  or  50  or  50.000  boilers  that 
he  makes  in  a  year  and  making  those  2  in.  openings  in  the  bottom. 

I  think  the  same  way.  I  don't  want  to  have  to  stop  and  talk  it 
over  before  they  are  put  in  by  the  boiler  manufacturer.  But  take 
the  man  who  sends  out  men  to  clean  boilers  and  gets  steamfitters 
to  clean  them.  I  have  steamfitters  who  I  know  are  putting  in  special 
systems,  so-called  vapor  systems,  or  low  pressure  or  return  systems, 
gravity  systems,  who  keep  flexible  hose  and  tees  and  bushings  on 
hand  to  send  out  for  these  boiler  contracts.  Some  of  them  have 
special  mixtures  for  putting  in  the  boiler.  On  account  of  the  dif- 
ficulty of  piping  special  mixtures  into  a  boiler,  I  do  not  think  there 
is  anything  as  good  as  hot  water  and  boiling  it  up  until  it  is  clean. 
It  may  be  all  right  to  put  an  acid  in  or  a  soap  compound,  or  some- 
thing of  that  nature,  but  you  have  got  to  get  them  out  as  well ;  for 
I  don't  think  there  are  any  of  them  but  will  cause  priming.  With 
such  a  process,  it  is  necessary  to  make  one  or  two  cleanings  of  the 
boiler. 

Now  I  have  had  men  of  twenty  or  thirty  years'  experience  who 
have  said  to  me,  "I  feel  ashamed  of  myself,  to  think  of  the  money  I 
have  wasted  in  putting  in  funny  things  in  piping,  when  it  is  only 
dirty  water,  during  my  practice  of  ten  or  fifteen  years."  I  often 
make  the  statement  that  I  think  one  of  the  basic  facts  of  good 
engineering,  like  good  housekeeping,  is  cleanliness. 

About  three  years  ago,  down  on  the  shore  of  Chesapeake  Bay. 
there  was  a  one  pipe  system  that  had  not  worked  for  two  years. 
They  had  broken  the  boiler  and  renewed  it,  and  it  was  found  to  be 
nothing  but  dirty  water.  It  took  two  days  to  clean  it — the  water  in 
that  boiler  was  inky-black,  sticky,  nasty  muck  that  would  not  blow 
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out.  We  cleaned  it,  and  the  night  before  I  left,  instead  of  being 
unable  to  heat  two-tiiirds  of  the  plant,  as  formerly,  they  were  able 
to  circulate  it  all. 

So  I  have  made  a  request,  and  have  gone  to  some  of  the  boiler 
manufacturers.  If  there  is  anything  that  needs  modifying  the 
A.  S.  M.  E.  Boiler  Code  will  modify  it  rightly  and  will,  I  think,  see 
it  succeed ;  because  all  things  that  start  among  our  people  succeed 
and  starting  this  among  the  mechanical  or  heating  engineers  will 
succeed.  I  would  like  to  have  added  to  that  Mechanical  Engineeers' 
code  or  any  code  we  have,  a  reasonable  request  that  they  clean  out 
the  inside  of  the  boiler  and  provide  something  to  clean  it  out  with. 

Now  I  do  not  care  how  little  water  we  add,  we  do  need  to  have 
an  opening,  the  equivalent  of  a  small  hand  opening,  in  my  opinion, 
in  the  bottom  of  a  boiler,  and  we  do  need  a  surface  blow.  It  has 
been  written  over  and  over  again  in  tra<le  papers  that  you  would  find 
it  the  secret  of  success  in  boiling  and  cleaning  out.  It  is  surprising 
that  men  fought  it.  Therefore,  in  recommending  these  clean-outs, 
I  would  like  to  hear  some  discussion  on  it,  and  I  would  like  to  see 
some  move  towards  the  adoption  of  the  clean-out. 

P.  J.  Dougherty:  I  agree  with  Mr.  Donnelly  in  what  he  said  in 
reference  to  the  importance  of  thoroughly  cleaning  out  a  heating 
boiler,  after  it  is  installed.  There  is  bound  to  be  trouble  in  getting 
up  steam,  unless  the  steamfitter  thoroughly  removes  all  foreign 
matter  from  the  heating  system,  such  as  oil,  grease,  sand,  etc.  It  is 
customary  to  clean  out  a  heating  system  by  means  of  a  strong 
alkali  boiled  for  a  time  in  the  boiler  and  then  blown  out  through 
the  blow-off  or  drain  connection  in  the  return  piping  as  in  a  power 
boiler,  or  else  floating  the  scum  and  grease  out  through  the  pop 
valve  connection.  No  extra  openings  are  required  on  any  low  pres- 
sure boiler  for  such  purpose.  Instead  of  using  the  pop  valve  some 
round  boilers  have  a  plugged  opening  on  the  water-line  level. 

P.  H.  Seward:  I  don't  know  of  any  function  of  this  Society 
under  which  we  can  make  rules  or  regulations  for  providing  clean- 
outs  in  boilers.  I  think  it  is  a  function  of  the  man  who  designs  the 
boiler,  or  installs  it.  I  have  always  had  such  provision  made  in 
specifications  when  I  was  in  the  heating  contracting  business.  They 
are  very  seldom  used,  but  inasmuch  as  it  is  being  questioned,  I 
might  say  that  I  have  seen  a  great  many  boilers  absolutely  stopped 
up  with  sediment,  particularly  hot  water  supply  boilers,  and  my 
experience  was,  that  the  attendants  very  rarely  used  the  facilities 
that  were  provided  for  cleaning  out.  I  don't  think  that  it  is  the 
function  of  this  Society  to  legislate  or  to  even  suggest  along  those 
lines,  unless  we  particularly  want  to  go  into  the  question  of  how  to 
install  a  so-called  heating  plant,  in  the  form  of  a  standard  specifica- 
tion or  something  of  that  kind,  which  I  think  is  way  beyond  us.  The 
heating  contractor  who  understands  his  business  will  naturally 
provide  the  necessary  clean-outs.    There  is  plenty  of  opportunity  for 
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No.  510 

CODE  FOR  TESTING  LOW  PRESSURE  HEATING 

BOILERS 

Revision  of  1919 

The  Code  for  testing  loiv  pressure  heating  boilers, 
zvhich  has  been  in  existence  throughout  1!)18,  was  ac- 
cepted by  the  Society  at  the  Annual  Meeting  of  January, 
1918,  as  the  report  of  the  Committee  appointed  to  for- 
mulate it.  It  was  accepted  at  that  Meeting,  however,  i^'ith 
the  provision  that  at  the  following  Annual  Meeting  it 
should  be  again  submitted  for  discussion,  in  order  to 
determine  whether  there  were  any  revisions  necessary  or 
desirable.  The  Code  7vas,  accordingly,  submitted  at  this 
Meeting  for  general  discussion,  upon  the  basis  of  the  form 
accepted  in  1918.  which  was  published  in  the  April,  1918, 
issue  of  the  Journal,  pages  519  to  522.  There  zvere  also 
distributed,  for  the  information  of  the  Meeting,  copies  of 
zvritten  comments  upon  the  1918  Code  by  Professor  L.  P. 
Breckenridgc  and  P.  J .  Dougherty.  The  discussion  zvas 
opened,  in  the  absence  of  the  Chairman  of  the  Committee, 
Mr.  Homer  Addams,  by  Professor  John  R.  Allen,  zvho 
presented  the  follozcing  report  of  rez'isions  by  the  Com- 
tnittee,  based  on  its  invcstigatiotis  during  the  past  year: 

CODE  FOR  CONDUCTING  EVAPORATIVE  PERFORMANCE  TESTS 
ON  LOW  PRESSURE  HEATING  BOILERS 

APPAR.MUS    AND    INSTRUME.VTS 

Feed  water  tanks  may  be  calibrated  or  mounted  on  tested  weighing  scales, 
the  water  being  fed  to  boiler  by  gravity,  air  pressure,  or  feed  pumps. 

Small  accurate  scales  of  suitable  size  shall  be  provided  for  weighing 
separator  water. 

Fuel  and  all  fuel  refuse  shall  be  weighed  on  tested  scales. 

Draft  measurements  shall  be  made  with  differential  draft  gages  of  the 
inclined  leg  tyi)e.  reading  to  0.01  in. 

Accurately  calibrated  instruments  shall  be  provided  for  measuring  tem- 
peratures  of   gases,   water   and    steam. 

The  moisture  in  the  steam  shall  be  determined  by  a  steam  separator,  not 
less  than  95  per  cent  efficient,  placed  in  the  steam  delivery  pipe  as  close  to 
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the  boiler  as  possible.  The  piping  between  this  separator  and  the  boiler,  also 
the  separator  itself,  shall  be  thoroughly  covered  with  insulating  material. 

Boiler  surfaces  which  are  designed  to  be  covered  shall  be  insulated  with 
1%  in.  of  asbestos  plastic  cement  or  its  equivalent. 

Gas  analysis  shall  be  determined  by  means  of  an  Orsat  apparatus.  If 
recording  carbon  dioxide  (CO-)  instruments  are  provided,  they  shall  be 
checked  every  hour* with  the  Orsat. 

Smoke  observations  shall  be  determined  by  means  of  a  Ringlemann  chart. 

Weather  bureau  reports  from  immediate  vicinity  may  be  used  to  determine 
atmospheric  conditions.  When  such  reports  are  not  available,  a  sling  psy- 
chrometer  shall  be  used  for  determining  relative  humidity  and  a  calibrated 
aneroid  barometer  or  mercury  column  shall  be  used  for  determining  baro- 
metric pressure. 

Steam  pressure  shall  be  determined  by  a  calibrated  steam  gage  or  by  a 
mercury  column. 

A  log  of  the  test  shall  be  kept  on  record  sheets  similar  to  those  provided  by 
this  Code. 

RUI-ICS    FOR    CONDUCTING    EVAP0R.\T1VE   TEST 

The  primary  object  of  the  test  is  to  determine  the  number  of  pounds  of 
water  evaporated  per  pound  of  dry  fuel  consumed.  All  measurements  and 
readings  should  be  taken  with  this  object  in  view. 

Boiler  shall  be  carefully  set  and  connected  with  a  short,  straight  smoke- 
pipe  to  a  chimney  flue  of  suitable  size  and  height  to  give  proper  draft. 
Chimney  shall  be  tested  for  air  leakage.  Boiler  shall  be  made  smoke  and  gas 
tight  and  the  gas  passages  properly  cemented. 

The  water  spaces  of  the  boiler  shall  be  thoroughly  boiled  out  with  a  solu- 
tion of  sal  soda,  potassium  hydrate  or  sodium  hydrate  and  then  thoroughly 
rinsed  with   clean  water. 

The  heating  surface,  firebox,  and  ashpit  shall  be  clean  and  free  from  soot, 
ashes  and  dust  at  beginning  of  test. 

The  piping  shall  be  connected  in  such  a  way  that  the  steam  may  be  carried 
to  a  point  away  from  the  boiler  and  piping  shall  be  arranged  so  that  its 
condensation  may  not  flow  back  to  the  boiler. 

A  pipe  connected  to  the  bottom  of  the  steam  separator  shall  be  provided 
with  a  positive  seal.  The  water  shall  be  drained  from  the  separator  hourly 
and  weighed  immediately. 

The  water  shall  be  fed  to  the  boiler  continuously  through  suitable  piping 
with  all  necessary  valves,  thermometer  cups  and  connections  so  that  the 
amount  and  temperature  of  water  fed  to  the  boiler  can  be  determined  at 
any  time. 

There  shall  be  three  draft  gages  so  arranged  as  to  determine  pressure  loss 
in  the  ashpit,  pressure  loss  through  the  fuel  bed,  and  pressure  loss  between 
firebox  and  smokehood. 

ATMOSPHERIC  TEST 

•  The  steam  delivery  pipe  shall  be  open  to  the  atmosphere. 


PRESSURE  TEST 

The  boiler  pressure  shall  not  exceed  8  lb.  and  the  steam  shall  discharge 
through  a  suitable  reducing  valve  into  a  chamber  where  a  uniform^  pressure  of 
two  (2)  pounds  shall  be  maintained.  The  steam  is  to  be  finally  discharged  to 
the  atmosphere  through  an  orifice  or  graduated  needle  valve,  which  shall  be 
used  to  control  boiler  capacity. 


duration   of   TEST 

The  duration  of  test  should  not  be  less  than  two  firing  periods  and  at  least 
12  hours  in  length.  Longer  tests  are  desirable  but  the  length  of  test  should 
always  be  some  multiple  of  the  firing  period. 
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method  of  starting  and  stopping  test 

The  new  fire  method  of  starting  and  stopping  test  may  be  used  on  boilers 
having  a  fuel  capacity  of  15  cu.  ft.  or  Ifss  from  grate  to  center  of  fire  door. 
when  anthracite  coal  is  used  as  fuel. 

Boilers  having  a  fuel  capacity  greater  than  15  cu.  ft.  when  usmg  anthra- 
cite coal  shall  be  tested  by  the  Continuous  Firing  Method.  -Ml  tests  usuig 
bituminous  co:d   shall  be  con<lucted  by  the  Continuous   1-iring  Method. 

NEW    fire    method 

Starting  and  Stot>ping.—A  preliminary  fire  shall  be  made  and  the  boiler 
operated  under  test  conditions  for  at  least  one  hour  before  starting  the  test. 
The  preliminary  fire  shall  then  be  dumped,  the  ashpit  thoroughly  cleaned  and 
dried  wood  placed  on  the  grate  and  kindled.  The  test  shall  be  considered 
started  at  the  time  of  firing  the  charge  of  wood.  On  this  charge  of  wood 
fuel  shall  be  placed.  The  wood  shall  be  considered  as  having  a  heatmg  value 
eciuai  to  40  per  cent  of  that  of  an  equal  weight  of  coal.  The  height  of  water 
line  in  gage  glass  shall  be  noted  and  recorded  at  the  time  preliminary  fire 
is  dumped.  The  water  level  shall  be  kept  at  this  level  as  nearly  as  possible 
throughout  the  test  and  must  stan<l  at  this  same  height  when  the  test  closes. 
At  the  end  of  test  the  fire  shall  be  dumped.  The  residual  fire  when  dumped 
shall  be  placed  in  tightly  covered  cans,  weighed  and  left  to  cool.  After  cool- 
ing the  unburned  fuel  and  ash  shall  be  separated,  and  the  weight  of  unburned 
fuel  subtracted  from  total  fuel  charged.  The  remaining  refuse  shall  be 
weighed  and  recorded  as  ash. 

CONTIXL'OUS   FIRING   METHOD 

Starting  and  Stopping.— A  preliminary  fire  shall  be  made  and  the  boiler 
operated  under  test  conditions  for  at  least  one  hour  before  starting  the  test. 

The  fire  shall  then  be  burned  low,  thoroughly  cleaned  and  the  remaming 
live  fuel  spread  evenly  over  the  grate  as  the  foundation  for  the  first  lest 
fuel  charge.  The  thickness  of  the  fuel  shall  be  quickly  estimated  or 
measured.  The  height  of  water  line  in  gage  glass  shall  be  noted  and 
recorded.  The  time  of  these  observations  shall  be  considered  the  start  of 
the  test.  .A  weighed  charge  of  fuel  shall  then  be  fired.  The  ashpit  shall  be 
thoroughly  cleaned  and  the  test  allowed  to  proceed. 

A  constant  water  level  shall  be  maintained  throughout  the  test. 

At  the  end  of  test  the  fire  should  be  burned  low  and  cleaned  so  as  to  leave 
the  same  amount  of  live  fuel  on  grate  as  at  the  start.  When  this  condition 
is  reached  and  the  water  level  is  at  the  same  height  as  at  start,  record  the 
time  and  this  time  shall  be  the  time  of  stopping.  The  contents  of  the 
ashpit  shall  be  removed,  placed  in  air  tight  cans,  weighed  and  left  to  cool. 
The  boiler  shall  be  charged  with  all  fuel  fired  during  test. 

general 

The  actual  evaporation  shall  be  considered  the  total  water  fed  to  the  boiler 
less  water  removed  from  steam  by  separator. 

During  the  progress  of  the  test,  regular  samples  shall  be  taken  from  the 
fuel  charge  and  after  quartering,  sufficient  sample  shall  be  retained  to  hll 
two  one-pint  glass  jars  or  other  tight  vessels. 

These  samples  shall  be  preserved  for  subsequent  determinations  of  moisture, 
calorific  value,  and  chemical  composition. 

The  residue  taken  from  the  ashpit  shall  be  reduced  by  quartering  to  a 
quantity  sufficient  to  fill  two  one-pint  jars  or  other  air  tight  vessels  for  sub- 
sequent chemical  analysis. 

records 

Records  of  data  shall  be  obtained  as  pointed  out  in  the  appended  log 
sheet.  Half  hourly  readings  are  usually  sufficient.  If  there  are  sudden  or 
wide  fluctuations,  the  readings  in  such  cases  shall  be  taken  every  fifteen 
minutes  or  oftener. 


146  Transactions  of  Am.  Soc.  of  Heat.  &  Vent.  Engineers 

REPORT  FORM  FOR  TEST  OF  LOW  PRESSURE 
HEATING  BOILER 

1. — Name  and   catalogue   rating 

2. — Grate  surface;  width ,  length ,  area 

3. — Date  of  test No.  of  test 

4. — Normal    operating    firing   periods 

5. — Duration  of  test    

6. — Times    fired    

7. — Longest  interval   between    liring 

8. — Fuel,   name    Size 

9. — Fuel,  calorific  value 

10. — Fuel  capacity    pounds    

11. — Fuel  available    (less   re-kindling  reserve) 

12. — Fuel  available.     Time  will  last,  hours 

13. — Fuel  weight  as  fired,  lb 

14. — Fuel  moisture,   per  cent 

15. — b'uel  weight   fired,   less   moisture,   11).    =    ',  13)-(  14) 

16. — Fuel  weight   unburned    (including.  .    lb.    recovered    from   ash   pit)  . .    lb. 

17.— Fuel   burned    in   test,   lb.    =    (15)-(16) 

18. — Fuel  burned  per  hour,  lb 

19. — Fuel  burned  per  sq.  ft.  grate  per  hour,  lb 

20. — Ashes,   lb 

21.— Clinker,  lb 

22. — Combustible,    per    hour,    lb 

23. — Temperature,  steam  or  flow,   fahr 

24. — Temperature,  feed  water  or  return,  falir 

25. — Temperature,  gases    leaving    boiler 

26. — Temperature    boiler    room 

27. — ^Temperature  outside   air    

28. — Draft  intensity  in  smoke  pipe    

29. — Draft  intensity  over  fire    

30. — Draft  intensity  in  ash  pit    

31. — Friction  loss  through  flue    

32. — Friction  loss  through  fuel    

33. — Friction  loss  through  inlet    

34. — Steam  pressure  in  boiler  by  gage 

35. — Steam  pressure  in  receiver  by  gage 

36.— Percentage  of  moisture  in  steam 

37.— Percentage  of  CO2  in  escaping  gases per  cent. 

38. — Weight  of  water  fed  to  boiler 

39. — Weight  of  water  evaporated,  corrected  for  moisture  in  steam 

40.— Equivalent  evaporation  from  and  at  212  degrees  =    (39)  x  total  heat  in 

steam  above   feed  temp,  -i-  970 

41. — Evaporation  per  hour  of   test 

42. — Evaporation  per  lb.  of  coal  as  burned   =    (41  )   -^   (18) 

43. — Evaporation  per  lb.  of  combustible   =    ( 41 )    -^    (22) 

44._HCapacity,   total  available  B.t.u.    =    (41)    x   total  heat  above    feed   temp. 

45. — Capacity  per  hour,  B.t.u 

46. — Capacity  per  sq.  ft.  radiation  =  (45)  -4-  240 

47.— Efficiency  of  lioiler   =    (45)    ^    (22)    x  B.t.u.  per  lb.  combustible 

48.— Efficiency  of  boiler  and  grate  =  (45)  -f-  (18)  x  B.t.u.  per  lb.  coal 
49. — Losses,  grate    

50. — Losses,   stack  gas    

51. — Losses,   incomplete   comliustion    

52. — Losses,  unaccounted  for  

53.— Smoke   pipe,    size    Length 

54._Chimnev,    size    Height 

55._Draft    Inches 


TEST  CONDITIONS 

DESCRIPTON     OF    APPARATUS > 


CONDITIONS     OF  OPERATION. - 
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The  rating  as  determined  by  this  test  shall  be  calculated  by  the  following 
formula, —  C  x  H 

■  =  Boiler  capacity  per  hour  in  B.t.u. 

r 

C=  .\unil,er  of  pounds  (jf  dry  fuel  consumed   (18) 
T  =  Duration  of  firing  period. 

H  =  Total  B.t.u.  available  at  the  boiler  outlet  per  pound   of   dry   fuel  as 
shown  by  test,  or   (18)  x   (9)   x  (48) 

Note. — The  length  of  firing  period  w-ill  depend  upon  the  size  of  boiler,  kind 
of  fuel  and  purpose  of  test. 
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DISCUSSION 

The  Pkesident:  There  have  been  two  other  proposed  Codes,, 
one  submitted  by  one  of  the  members  and  the  other-  some  sug- 
gested modihcations  in  the  rules  for  conducting  evaporative  tests. 
brought  before  the  Committee.  The  Committee  on  Code  for  Testing 
Low  Pressure  Heating  Boilers,  as  you  know,  had  some  very  serious 
ups  and  downs  in  its  long  existence,  but  it  is  getting  nearer  to  the 
goal  all  the  time,  and  so  long  as  a  Committee  is  doing  constructive 
work  and  making  an  effort  to  do  something  I  am  always  a  great 
believer  in  continuing  that  Committee  until  it  can  complete  it.  I 
think  that  this  Committee  should  be  encouraged  until  its  work  is 
done. 

P.  H.  Seward:  At  the  last  Annual  Meeting  the  Committee 
brought  in  a  report  for  a  proposed  Code  for  Testing  these  Low 
Pressure  Heating  Boilers,  and  we  spent  one  whole  session  on  the 
subject,  as  a  result  of  which  the  Society  finally  adopted  the  Code 
and  it  has  since  been  published  in  the  Journal  and  has  been  in  more 
or  less  continuous  use,  supposedly,  during  the  past  year.  At  the 
time  the  Committee  reported,  it  stated  very  frankly  that  it  was 
not  the  last  word  on  the  subject;  in  all  probability  the  Code  would 
be  improved  and  amended  from  time  to  time,  and  it  was  put  out 
merely  because  in  its  judgment  it  represented  the  most  advanced 
])ractice  and  suggestions  available  at  that  time,  and  with  the  hope 
that  when  it  became  used  and  more  or  less  experimented  upon,  sug- 
gestions and  improvements  would  be  forthcoming  which  the  Com- 
mittee would  consider  and  present  at  the  next  Meeting  of  the  So- 
ciety, the  Committee  being  continued  for  that  purpose. 

During  the  year  the  Committee  has  received  suggestions  from 
members  of  the  Society,  and  from  the  Committee  members  them- 
selves, and  in  all  probability  the  two  most  constructive  and  most 
important  are  the  two  that  have  been  mimeographed  and  presented 
to  this  Meeting.  The  Committee  received  these  suggestions,  of 
course,  gave  them  consideration,  and  at  a  rather  extended  meeting 
just  recently  held,  it  brought  out  a  revision  of  the  Code  of  last 
year,  which  revision  Prof.  Allen  has  just  read  to  you  and  which  is 
the  1919  report  of  this  Committee. 

The  Committee,  at  the  desire. of  the  Society,  will  be  continued 
during  the  coming  year  and  will  go  on  with  its  labors  to  make  such 
further  improvements  or  suggestions  as  may  be  outlined,  and  finally 
bring  forth  a  perfect  Code  which  will  be  acceptable  not  only  to  the 
Society  but  to  the  entire  profession  and  to  the  trade. 

Frank  K.  Chew:  I  move  that  the  report  read  by  Prof.  Allen 
be  accepted  as  the  Code  for  use  during  1 ')!:). 

John  D.  Cassell:    I  second  the  motion. 

WiLLi.wi  H.  ]\IcKn:vER :  Might  it  not  be  well  to  confer  with  a 
like  committee  which  exists  in  The  American  Society  of  Mechanical 
Engineers,  so  that  the  two  reports  would  conform?  They  would 
probably  work  out  something  wdiich  would  be  even  better  than  if 
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we  had  worked  it  out  alone.  I  suggest,  Mr.  Chairman,  tliat  the 
Committee  be  empowered  to  confer  with  the  committee  of  The 
American  Society  of  Mecluinical  Engineers.  Perhaps  they  can 
further  amphfy  tJie  Code  and  if  they  agree  on  a  method  of  testing — 
as  I  understand  it  this  C(jniniittee  is  working  on  a  Code  for 
testing  house  heating  l)oilers  only,  and  that  probably  refers  to  what 
we  consider  today  the  smaller  types  of  boilers,  whether  cast-iron  or 
steel,  primarily  for  house  heating.  I  most  respectfully  offer  as  an 
amendment  to  that  motion  that  the  Committee  be  requested  to  con- 
fer with  The  American  Society  of  Mechanical  Engineers  and  see  if 
both  Codes  cannot  be  brought  to  the  same  conclusion. 

Frank  K.  Chew:  Prof.  Breckenridge,  of  the  Mechanical  En- 
gineers, made  it  clear  here  last  year  that  they  had  practically  left  to 
our  Society  the  care  of  this  heating  boiler  testing  Code.  There- 
fore, Mr.  McKiever's  suggestion  has  already  been  considered  by  the 
Mechanical  Engineers  and  it  is  entirely  left  to  us.  They  have  taken 
care  of  the  power  boilers. 

E.  S.  Hallett:  This  business  of  testing  boilers  is  one  that  has 
been  in  a  state  of  evolution.  It  has  been  a  work  of  progress.  The 
mere  fact  that  it  has  taken  a  year  with  a  very  expert  and  experi- 
enced Committee  deliberating  day  after  day,  shows  that  it  is  a 
thing  that  has  been  evolved  with  great  thought.  The  report  that 
Prof.  Allen  has  just  read  is  the  result  of  the  very  best  thought  that 
the  world,  for  that  matter,  has  ever  had.  We  have  new  things 
coming  up  for  discussion.  We  have  standards  that  are  being  de- 
veloped and  this  is  a  process  of  evolution  of  standards.  It  is  not 
a  thing  that  is  struck  off  at  a  single  blow  at  all.  It  is  the  result  of 
grow'th  and  of  the  best  thought  among  our  heating  men.  I  think 
that  we  should  approve  the  report.  I  do  not  believe  that  any  mem- 
ber or  any  group  of  members  of  any  society  on  an  hour's  notice  or 
on  a  day's  notice  would  be  able  to  find  a  flaw  in  this,  that  would 
stand.  I  think  they  have  considered  every  possible  question  that 
has  come  up. 

Charles  F.  Newport  :  I  think  the  Committee  has  neglected  or 
forgotten  to  include  the  method  of  testing  magazine  feed  boilers. 
This  report,  as  I  understand  it,  applies  to  surface  feed  boilers.  For 
testing  magazine  feed  boilers,  particularly  in  burning  the  smaller 
sizes  of  coal,  such  as  pea  and  buckwheat,  I  think  the  running  start 
method  is  the  best  that  can  be  used  under  such  conditions,  inasmucii 
as  with  our  specifications  for  hard  coal,  it  is  almost  impossible  to 
separate  the  unburned  fuel  from  the  ash,  especially  if  buckwheat 
coal  is  used.  It  is  also  quite  difficult  with  pea  coal.  I  would  suggest 
that  that  method  be  employed  for  testing  magazine  feed  boilers ; 
that  is,  the  running  start  or  continuous  fire  method. 

P.  J.  Dougherty:  May  I  ask  one  of  the  members  of  the  Com- 
mittee to  briefly  state  the  portions  of  the  Code  that  have  been 
changed,  and  especially  the  additions  that  have  been  made  thereto. 
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Pkof.  J.  R.  Alli-.n  :  'I'lic  ])reaml)lc  remains  the  same.  Under 
the  heading,  yVpparalus  and  Instruments,  some  chanj^es  have  been 
made.  We  have  made  the  statement  on  feed-tanks  more  explicit. 
The  references  to  different  parts  of  the  Code  remain  practically  the 
same.  Measurement  of  gases  is  exactly  the  same.  The  statement  of 
steam  separators  simply  is  enlarged  to  include  the  covering  of  the 
steam  separator  and  the  piping  from  the  steam  separator  to  the 
boiler. 

The  gas  analysis  apparatus  remains  substantially  the  same,  ex- 
cept the  mention  regarding  the  CO2  apparatus,  which  is  very  often 
used  in  connection  with  these  tests.  The  original  statement  said 
nothing  about  pressure  gages.  That  has  been  added.  It  said  noth- 
ing about  atmospheric  conditions,  or  how  they  should  be  deter- 
mined. This  provides  for  their  being  taken  from  the  weather 
report  or  determined  by  aneroid  barometer  or  sling  psychrometer. 

Nothing  was  said  about  smoke  observations.  This  provides  for 
using  a  chart  for  smoke  observations. 

The  statement  about  log  sheets  remains  substantially  about  the 
same. 

The  statement  in  regard  to  object  of  tests,  has  simply  been 
changed  in  form,  not  in  substance. 

The  statement  in  regard  to  setting  up  of  boiler  and  chimney  has 
been  elaborated. 

The  statement  in  regard  to  cleaning  out  inside  the  boiler  remains 
substantially  the  same  in  the  two,  but  this  report  provides  for  clean- 
ing the  outside  surfaces  of  the  boiler  from  soot  and  dirt  also,  which 
was  not  provided  for  in  the  ])revious  report. 

The  statement  in  regard  to  connecting  piping  to  the  boiler  is  prac- 
tically the  same. 

The  adjustment  of  the  separator  is  almost  the  same,  except  it  pro- 
vides in  this  report  that  the  condensed  water  be  separated  and 
weighed  every  hour.  Tn  the  jirevious  rei)ort  it  provided  for  weigh- 
ing it  at  the  end  of  the  test. 

The  clause  in  regard  to  the  feeding  of  the  water  has  been  slightly 
changed  but  not  in  substance. 

The  statement  in  regard  to  draft  gages  and  their  connections  has 
only  been  changed  in  order  to  make  it  clearer  in  the  statement. 

In  the  previous  report  it  was  suggested  that  the  test  be  made  only 
at  atmos])heric  pressure.  This  report  provides  for  pressure  tests 
in  addition  to  the  use  of  atmospheric  j^ressure  only  in  the  boiler. 

P.  J.  Dougherty:     Is  that  optional  so  that  either  can  be  used? 

Prof.  J.  R.  Allen  :     Von  can  use  either  method,  as  you  i)refcr. 

Now  this  is  nearly  in  conformity  with  the  method  used  in  the 
laboratory,  and  similar  to  what  has  been  used  in  institutions  under 
pressure  conditions. 

There  was  no  explicit  statement  in  the  previous  report  in  regar<l 
to  duration  of  tests,  so  we  have  added  a  statement  in  regard  to 
duration. 

Under  the  heading  of  stopping  and  starting,  the  old  method  pro- 
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vided  only  for  the  so-called  standard  method,  which  we  have  called 
the  new  firing  method,  so  as  to  distinguish  it  from  the  other. 
This  report  provides  for  that  method  and  also  the  method  of  con- 
tinuous firing.  Personally,  I  never  test  by  the  new  firing  method, 
and  whether  this  Society  made  a  report  or  not,  I  should  always  con- 
tinue as  before,  and  Prof.  Breckenridge,  of  Yale,  says  the  same  thing. 
That  has  been  his  experience.  W^ilh  bituminous  coal  it  is  very  diffi- 
cult to  do  otherwise  and  if  you  have  a  magazine- feed  boiler  you 
can't  do  anything  else.  You  can't  use  the  new  firing  method  with 
the  double  grate  boiler ;  so  we  provided  for  the  continuous  method 
of  firing,  which  states  as  follows:  "The  new  fire  shall  be  made  and 
the  boiler  operated  under  test  conditions  for  at  least  one  hour  before 
starting  the  test."  Now  that  provision  has  been  put  in  both  forms 
of  testing,  i.  e.,  of  operating  the  boiler  at  least  one  hour  at  full  steam 
conditions  before  starting;  because  you  can  store  an  appreciable 
amount  of  heat  in  the  boiler  itself.  In  a  large  power  boiler  the 
brick  setting  absorbs  heat  for  five  or  six  hours. 

We  have  added  here  a  method  of  sampling  the  ash,  and  a  method 
of  sarnpling  the  coal.  It  is  the  standard  method,  with  direct  quota- 
tions from  the  A.  S.  M.  E.  Power  Test  Code.  And  we  have  added 
a  log  sheet  record,  so  as  to  show  approximately  these  quantities, 
and  it  is  proposed,  if  this  form  is  accepted  generally,  to  prepare  log 
sheets. 

We  also  have  a  standard  form  for  the  test  similar  to  the  one  that 
now  appears,  but  enlarged.  That  is,  in  this  log  sheet  we  first  put 
the  observed  quantities  and  then,  following,  the  computed  quantities. 
We  have  tried  to  have  all  the  observed  quantities  given  before  the 
computed  quantities. 

The  rating  is  the  same  as  in  the  previous  report,  only  re-written 
in  better  form.  Those  changes  all  give  the  Code  a  more  regular  and 
systematic  form. 

Ciiari.es  F.  Newport:  Is  it  not  a  fact  that  the  unburned  fuel 
which  is  subtracted  from  the  total  fuel  charged,  is  of  less  heating 
value  than  the  fuel  as  charged,  the  difference  being  favorable  to 
the  boiler  under  test? 

Prof.  J.  R.  Allen:  It  is  a  fact  that  the  unburned  fuel  has  a 
different  value  than  the  fuel  as  charged,  such  difference  being  favor- 
al)le  to  the  boiler,  but  as  the  difference  is  so  small  as  well  as  difficult 
to  determine  that  the  Committee  decided  to  give  both  the  same  value. 

The  President:  All  in  favor  of  the  resolution  that  the  report  of 
the  Committee  on  Code  for  Testing  Low  Pressure  Heating  Boilers, 
with  amendments  as  recommended,  be  accepted  as  the  Code  of 
the  Society  for  191D,  will  signify  by  saying  aye;  contrary  no.  It  is 
carried. 


No.  511 

FUEL  CONSRRVATION  BY  MEANS  OF  AUTO- 
MATIC TEMPERATURE  REGULATION 

Bv  F.  A.  De  Boos,  Chicago,  III. 
Member 

BECAUSE  of  the  great  difficulty  in  mining  a  sufficient  quantity 
of  coal  for  ourselves  and  our  allies,  and  the  greater  difficulty 
of  transporting  it  once  it  has  been  mined,  and  also  because 
of  the  greatly  increased  cost  of  coal,  it  is  not  only  highly  necessary 
but  exceedingly  patriotic  to  conserve  coal  by  any  means  in  our 
power.  The  problem  for  the  heating  and  ventilating  engineer,  there- 
fore, is  to  devise  ways  and  means  whereby  the  utmost  conservation 
of  fuel  may  be  effected  and  still  produce  a  heating  plant  which  is 
adequate  for  its  purpose.  The  purpose  of  this  paper  is  to  demon- 
strate the  fact  that  the  use  of  automatic  temperature  regulation  not 
only  greatly  conserves  fuel,  but  also  is  a'  benefit  to  any  heating 
system  from  the  standpoint  of  l)Oth  efficiency  of  operation  of  the 
plant  itself  and  the  comfort  and  efficiency  of  the  people  in  the 
buildings  heated. 

All  of  us,  who  are  familiar  with  the  difficulties  encountered 
in  the  mining  of  the  greatly  increased  supply  of  coal  for  ourselves 
in  this  time  of  great  industrial  output,  and  also  for  our  allies  under 
the  unusual  conditions  of  our  present  emergency,  and  also  in  the 
transportation  of  all  this  coal,  must  realize  the  fact  that  in  all 
probability  we  would  now  be  paying  prices  a  great  deal  higher  for 
coal  than  we  are  now  paying,  had  the  government  not  assumed 
control,  establishing  prices  and  arranging  an  even  distribution 
throughout  the  United  States  so  that  every  locality  would  receive 
its  proportionate  supply.  The  mining  and  transportation  difficulties 
in  the  coal  situation,  however,  are  difficulties  that  will  pass 
away  -in  time,  but  the  coal  cost  problem  is  one  that  will  re- 
main with  us,  and  judging  from  the  past,  will  assume  greater 
proportions  as  time  goes  on.     It  is  perhaps  reasonable  to  assume 
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that  after  the  war,  coal  prices  will  come  down,  but  this  would 
necessitate  a  reduction  in  freight  rates,  a  reduction  in  wages  to  the 
miners,  and  a  continuation  of  the  even  distribution  of  coal  through- 
out the  United  States,  which  is  difficult  to  obtain  without  a  central- 
ized board  with  governmental  authority.  It  also  necessitates  the 
continuing  in  effect  of  cash  purchases,  local  zone  deliveries  from 
yards  most  accessible,  and  numerous  other  like  methods  which 
were  not  in  effect  during  the  pre-war  times.  If  one  studies  the 
coal  situation  at  length  he  will  no  doubt  arrive  at  the  conclusion 
that  the  cost  of  coal  will  not  be  reduced  to  any  considerable  extent 
after  the  war  but  in  fact  it  will  no  doubt  increase.  There  may  be  a 
falling  off  in  prices  right  at  first,  but  in  the  writer's  opinion  this  will 
be  met  with  a  corresponding  rise  and  gradually  increasing  prices 
year  by  year  as  time  goes  on. 

A  study  of  coal  prices  made  a  year  or  so  ago  showed  from  the 
investigations  made  by  the  U.  S.  Department  of  Labor,  that  in  the 
fifteen  year  period  from  1900  to  1914,  anthracite  coal  had  risen  in 
price  zvJiolesalc  from  33.4  per  cent  for  stove  to  47.8  per  cent  for 
chestnut ;  bituminous  coal,  wholesale,  30  per  cent,  and  semi-bitumi- 
nous, wholesale,  68.7  per  cent.  In  the  next  two  years,  the  wholesale 
prices  of  these  various  grades  of  coal  rose  from  10  to  250  per  cent. 
The  retail  prices  in  many  localities  ran  even  higher. 

Coal  cost  figures  submitted  from  24  leading  colleges  and  cities, 
each  of  which  purchased  from  4,000  to  150,000  tons  of  coal  annually 
and  covering  the  five  year  period,  1914  to  1918  inclusive,  show  per 
centage  increases  all  the  way  from  a  minimum  of  33  to  185  per 
cent  maximum ;  the  average  increase  for  all  of  them  was  99.6  per 
cent.  In  reality,  the  cost  was  higher  than  the  figures  show,  for 
many  institutions  purchased  inferior  grades  of  coal,  which  they  got 
at  a  cheaper  price  but  necessarily  burned  more  of,  while  many  of 
them  stated  that  the  coal  when  bought  of  the  same  nominal  grade 
as  formerly,  showed  much  more  slack,  slate' and  unburnable  matter. 
It  was  extremely  rare  to  find  any  of  the  institutions  able  to  pur- 
chase coal  on  an  analysis  test,  as  had  been  done  in  previous  years. 

The  foregoing  coal  data  and  discussion  is  given  for  the  reason 
that  the  engineer  or  owner  of  a  heating  plant  must  of  course  propor- 
tion his  cost  of  improvements  for  plant  efficiency  and  coal  conserva- 
tion with  regard  not  only  to  present  conditions  but  conditions  which 
may  be  reasonably  expected  to  be  dealt  with  in  the  future,  and  the 
figures  tend  to  show  that  increasing  coal  costs  may  be  expected  in 
the  future  just  as  they  have  come  in  the  past.  Therefore  reasonable 
investments  for  apparatus  to  conserve  coal  and  increase  plant 
effi,ciency  would  seem  to  be  the  application  of  plain  common  sense 
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principles.     This  leads  lis  to  the  discussion  of  automatic  temperature 
ret^ulation  systems  pre\iously  referre<l  to. 

Automatic  temperature  control  or  heat  regulation  apparatus 
must  inherently  conserve  fuel  as  the  very  purpose  of  the  equipment 
is  to  prevent  overheating.  We  must  take  it  as  axiomatic  that  the 
higher  the  temperature  is  raised  in  a  building  the  more  fuel  will 
be  required — that  if  we  reduce  the  temperature,  we  save  fuel. 
Therefore,  any  apparatus  that  will  prevent  unnecessary  temperature 
increase  in  a  building,  must  conserve  heat;  this,  of  course,  is  the 
function  of  automatic  temperature  regulation.  It  is  well  to  ascer- 
tain, however,  how  much  heat  will  be  conserved  under  ordinary 
conditions,  and  also  to  inquire  into  applications  of  temperature  con- 
trol systems  to  heating  plants  so  that  the  greatest  possible  fuel 
economy  will  be  effected. 

In  any  heating  system,  properly  designed  and  installed,  two 
facts  stand  out  prominently.  One  is  that  the  plant  is  of  sufficient 
capacity  to  heat  the  building  adequately  in  the  most  severe  winter 
conditions  ordinarily  encountered:  the  other  is  that  some  rooms 
and  some  parts  of  the  building  are  always  slower  and  more  difficult 
to  heat  than  are  the  other  parts. 

Referring  to  the  first,  we  find  that  the  real  severe  "cold  spells" 
are  generally  of  short  duration  and  therefore  the  heating  plant  which 
is  so  designed  as  to  adequately  meet  these  conditions,  must  be  very 
much  over  the  capacity  required  during  avferage  winter  conditions. 
This  means  then  that  during  the  greater  part  of  the  heating  season, 
in  hand  or  manually  controlled  plants,  the  rooms  are  heated  to  a 
higher  temperature  than  is  required,  windows  are  opened  for  relief, 
and  much  fuel  is  wasted  in  consequence.  Where  the  heating  system 
is  automatically  controlled,  however,  no  heat  is  wasted,  and  the  work- 
ing output  of  the  heating  plant  is  maintained  at  just  the  proper 
capacity  to  take  care  of  the  heating  load.  At  the  University  of 
Illinois' it  was  found  they  could  save  17  per  cent  of  the  steam  by 
maintaining  the  room  temperatures  at  70  deg.  rather  than  at  75 

deg.  fahr. 

The  opening  of  windows  during  the  heating  season  is  one  of 
the  largest  evils  encountered  with  any  system  of  heating.  It  is  a 
prevalent  habit,  and  is  not  due  to  "fresh  air"  principles  as  many  of 
us  suppose.  We  do  not  practice  this  in  our  own  homes,  where  zve 
pay  for  the  coal  thus  lost,  and  it  is  a  fact  that  if  we  did  not  permit 
our  offices  to  go  above  68  or  70  deg..  there  would  be  very  few  win- 
dows opened.  Xor  is  it  necessary  in  the  average  office  to  have  a 
window  opened  continually  as  the  cubical  contents  and  the  infiltra- 
tion, per  person,  are  so  large  that  sufficient  fresh  air  is  supplied,  and 
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windows  do  not  need  to  be  opened  to  obtain  it.  When  windows  are 
opened  the  radiator  valves  are  in  general  never  shut  off,  thus  caus- 
ing increased  heat  loss. 

Where  mechanical  or  fan  blast  systems  of  heating  are  used,  and 
the  building  is  heated  entirely  by  warmed  air,  the  opening  of  win- 
dows so  disturbs  the  balance  of  the  system,  that  it  is  now  quite  unu- 
sual to  find  such  an  installation  made  without  automatic  temperature 
control  being  applied.  The  warmed  air  is  delivered  to  the  rooms 
through  ducts  under  pressure  of  the  fan.  If  a  window  is  opened, 
the  air  pressure  resistance  in  that  particular  room  is  lessened,  as  the 
open  window  offers  an  easier  outlet  for  the  air.  More  air  rushes 
into  the  room  in  consequence  and  it  becomes  more  difficult,  of  course. 
to  force  the  remaining  air  in  the  ducts  to  other  rooms  where  greater 
resistance  is  offered  to  its  passage. 

The  other  fact  mentioned  in  connection  with  heating  systems  (that 
is,  certain  rooms  are  always  slower  and  harder  to  heat  than  others') 
is  a  very  important  one  as  far  as  the  application  of  automatic 
temperature  controlling  apparatus  is  concerned.  With  the  hand  or 
manual  controlled  plant,  the  rooms  easy  to  heat  are  most  generally 
overheated,  either  because,  as  in  the  mornings,  they  are  not  occupied, 
or  if  occupied,  the  occupant  permits  the  overheating  or  is  not  aware 
of  it  till  it  reaches  a  disagreeable  point.  The  boiler  must  therefore  be 
fired  longer  and  at  a  higher  rate  of  forcing  to  heat  the  remote  cor- 
ners of  the  building,  than  would  be  the  case  if  the  heat  produced  at 
the  boiler  were  distributed  evenly  and  uniformly  to  each  of  the 
rooms  throughout  the  entire  building.  This  is,  of  course,  accom- 
plished by  automatic  temperature  control  apparatus,  and  this  fact 
alone,  makes  for  fuel  economy  regardless  of  the  fuel  saving  result- 
ing from  not  overheating  the  rooms,  as  it  permits  the  boiler  to  be 
operated  at  a  more  steady  and  uniform  rate,  which  makes  for 
greater  efficiency. 

From  tests  made  and  described  in  Vol.  XXIII,  1917,  Transactions 
of  The  American  Society  of  Heating  and  Ventilating  Engi- 
neers, it  was  shown  that  where  diaphragm  valves  were  under  control 
of  thermostats,  they  would  be  opened  and  closed  approximately 
2.500  times  each  heating  season,  the  radiators  would  be  shut  off 
approximately  two-thirds  of  the  time  during  the  entire  heating 
season,  and  the  room  temperatures  would  be  maintained  within  one 
degree  of  any  desired  point.  Even  in  very  cold  weather  the  radiator 
valve  would  be  opened  and  closed  many  times  during  the  day  and 
the  heat  shut  off  a  fair  percentage  of  the  time. 

Prof.  A.  C.  Williard,  of  the  University  of  Illinois,  made  a  test 
on  two  buildings  on  the  University  campus,  one  hand-controlled 
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and  the  other  under  thermostatic  control,  both  buildmgs  being  of 
about  equal  size  and  construction,  and  it  was  shown  that  as  the 
weather  moderated  outside,  the  thermostatically-controlled  plant  re- 
sponded in  direct  proportion,  the  condensation  falling  with  the  ris- 
ing outdoor  temperature,  as  should  of  course  be  the  case.  The  other 
building,  however,  showed  a  very  small  drop  in  the  condensation 
rate  regardless  of  the  rising  outdoor  temperature.  In  actual  figures, 
the  outdoor  temperature  was  28  deg.  at  8  :00  A.  M.  the  day  of  the 
test,  and  at  4.00  P.  M.  it  had  risen  to  48  deg.  at  a  very  uniform  rate. 
The  condensation  rate  in  pounds  of  water  per  minute  in  the  hand- 
controlled  plant  at  8  :00  A.  M.  was  68,  as  compared  to  44  lb.  in 
the  thermostatically-controlled  plant.  At  4 :00  P.  M.  the  condensa- 
tion rate  in  pounds  per  minute  in  the  hand-controlled  plant  was  55, 
a  decrease  of  only  13  lb.  per  minute,  while  in  the  thermostatically- 
controlled  plant  at  4  :00  P.  M.  the  rate  was  18  lb.  per  minute,  a  de- 
crease of  26  lb.  per  minute  from  the  rate  at  8 :00  A.  M.  This 
test  in  all  its  phases  is  of  high  importance  in  showing  not  only 
the  great  fuel  economy  of  thermostatic  regulation,  but  also  in  demon- 
strating the  increase  in  plant  efficiency.  Also  with  the  proper  room 
temperature  maintained  automatically  in  the  rooms,  the  occupants 
should  of  course  enjoy  greater  health,  comfort  and  efificiency. 

The  Miller  Paine  Company,  at  Lincoln,  Neb.,  altered  and  added 
to  a  group  of  three  buildings  which  were  heated  by  a  central  station 
plant,  the  heating  being  paid  for  on  a  condensation  basis.  The  re- 
modeling and  improvements  resulted  in  an  increase  of  300  per  cent 
in  their  radiation  and  of  over  200  per  cent  in  the  square  feet  of  floor 
space.  Automatic  temperature  regulation  was  installed  with  the 
other  improvements,  and  it  was  found  the  fuel  cost  was  only  in- 
creased 35  per  cent,  where  they  estimated  the  increase  would  be 
from  200  to  300  per  cent,  judging  from  the  previous  operation  of 
the  old  hand-controlled  plant.  The  third  year  of  operation  of  the 
plant,  on  account  of  increase  in  heating  rates,  the  temperatures  were 
reduced  from  2  to  4  deg.,  and  this  resulted  in  still  further  fuel 
savings  of  approximately  10  per  cent. 

Thermostats  placed  in  the  street  cars  at  Chicago  showed  a  saving 
of  over  50  per  cent  in  the  current  previously  required  for  the  cars 
under  the  old  hand-controlled  conditions. 

Mr.  \Vn(,  G.  Boyle,  chief  engineer  of  the  Oliver  Estate,  Pitts- 
burgh, Pa.,  after  a  careful  investigation  determined  that  in  a  hand- 
controlled  building  the  yearly  cost  of  operating  the  heating  system, 
including  cost  of  coal,  hauling  of  ashes,  water,  firemen's  services 
and  minor  repairs,  amounted  to  45c  per  sq.  ft.  of  radiation,  while 
for  a  thermostatically-controlled  plant  of  approximately  the  same 
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size  and  operated  under  exactly  the  same  conditions,  the  cost  was 
36c  per  sq  ft.,  or  20  per  cent  less.  In  this  particular  case  it  was 
found  advisable  to  equip  the  hand-controlled  plant  with  tempera- 
ture control  as  the  saving  in  fuel  would  pay  for  the  apparatus  in 
live  years'  time. 

Two  buildings  at  Pittsburgh,  Pa.,  of  approximately  the  same  size 
and  construction,  one  containing  20,384  sq.  ft.  of  radiation,  and  the 
other  21,000  sq.  ft.,  one  hand-controlled  and  the  other  thermo- 
statically-controlled, showed  a  variation  in  fuel  consumption  between 
the  two  buildings  of  50  per  cent  in  favor  of  the  thermostatically- 
controlled  plant. 

A  number  of  years  ago,  the  heating  plant  at  the  University  of 
Michigan  became  overtaxed,  and  upon  recommendation  of  their 
engineers,  temperature  control  systems  were  installed  in  twelve  of 
the  older  buildings  (the  later  newer  buildings  all  having  been  pre- 
viously equipped),  and  the  resultant  fuel  saving  was  sufficient  to 
carry  the  load  for  several  years  without  increasing  the  size  of  the 
central  heating  plant. 

These  incidents  are  only  a  few  taken  from  a  large  mass  of  similiar 
data.  The  leading  heat  regulation  companies  have  so  improved  their 
apparatus  in  the  past  few  years  especially,  that  with  the  modern 
system  the  upkeep  expense  will  not  average  over  2  to  5  per  cent  per 
year  as  a  maximum.  The  systems  have  been  simplified  and  made 
all  metal  throughout,  and  in  fact  this  branch  of  the  heating  and  ven- 
tilation business  has  kept  fully  abreast  of  the  many  other  far  reach- 
ing advances  which  have  so  revolutionized  the  business  in  the  past 
dozen  years  or  so. 

There  are  ways,  of  course,  in  applying  automatic  temperature 
control  systems  so  that  the  greatest  fuel  economy  and  utmost  plant 
efficiency  nre  accomplished.     A  few  suggestions  follow : 

1.  Equip  all  heat  sources  with  automatic  control;  radiators  in 
hallways  and  vestibules  are  hardly  ever  shut  off  by  hand  and  their 
peculiar  location  under  this  condition  makes  them  great  fuel  wasters. 

2.  Control  direct  heating  systems,  as  w^ell  as  fan  or  mechanical 
blast  systems  of  heating;  control  on  one  is  fully  as  important  as  on  the 
other.  It  is  a  mistaken  idea  to  apply  control  to  mechanical  systems 
only. 

3.  Where  ventilation  systems  are  used,  arrange  switch  control  of 
fresh  air  and  ventilator  dampers  so  the  heat  may  be  retained  in  the 
buildings  at  night;  where  local  conditions  permit,  return  air  openings 
should  be  provided  so  the  air  may  be  recirculated  :  provide  shut-off 
dampers  in  ducts  leading  to  gymnasiums  and  auditoriums,  or  other 
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|)arts  of  the  buildings  so  that  lu'al  nia)-  ]k'  shiil  oi'i  from  these  rooms 
when  not  in  use. 

4.  Control  risers  by  placing  diaphragm  valves  with  switch  lines 
to  a  convenient  point  so  that  radiation  may  be  shut  ofif  in  any  part 
of  the  building  not  being  used ;  with  most  schools,  it  is  necessary  to 
heat  the  entire  building,  when  at  night  it  may  be  only  the  auditorium 
or  gymnasium  that  is  to  be  used. 

5.  The  air  mains  for  the  temperature  controlling  system  may  be 
arranged  in  circuits  so  that  the  heat  may  be  cut  off  various  parts  of 
the  building  by  simply  shutting  off  the  air  from  the  thermostats ; 
this  has  some  advantage  over  riser  control  in  that  it  is  not  necessary 
to  make  special  runs  of  the  steam  mains. 

6.  AVhere  thermostatic  control  is  used  the  radiation  units  may  be 
increased  considerably  in  size,  necessitating  fewer  units,  risers,  etc. ; 
this  arrangement  will  often  effect  sufficient  saving  to  pay  for  a  con- 
siderable part  of  the  control  apparatus — it  is  p-articularly  suitable  for 
factory  installations  where  extremely  close  control  of  the  tempera- 
ture is  not  so  essential. 

7.  Special  control  devices  in  factories  not  only  afford  considerable 
fuel  saving  but  result  in  a  better  product  in  that  it  permits  same  to  be 
made  under  more  uniform  conditions;  it  also  avoids  loss  of  product 
due  to  excessive  temperatures. 

DISCUSSION 

H.  I..  Williams:  The  paper  goes  into  this  matter  very  thor- 
oughly, but  I  think  the  author  stops  at  the  wrong  point,  in  that  he 
neglects  the  control  of  the  human  element.  It  has  been  my  experi- 
ence that  while  the  thermostat  system  was  cutting  oft'  the  heat  the 
janitor  kept  on  firing  the  boiler  just  the  same,  for  the  reason  that 
he  didn't  take  interest  enough  to  go  up  and  see  what  the  results 
really  were. 

The  most  successful  installation  that  I  have  ever  had  in  that 
respect  was  where  I  had  an  indicating  system  besides  the  thermo- 
stat system,  so  that  the  janitor  could  tell  in  a  moment  what  the 
real  temperature  of  the  room  was.  In  that  case  I  got  the  most 
economic  results.  I  think  that  should  have  been  added  to  the  paper, 
because  my  own  experience  teaches  me  that  that  is  very  important. 

Perry  West:  I  am  a  great  believer  in  and  an  advocate  of  auto- 
matic temperature  control  and  I  do  not  wish  to  have  what  I  am  about 
to  say  misconstrued  so  as  to  place  me  on  the  opposite  side  of  this 
question.  The  difficulty  with  temperature  control,  however,  as  I 
see  it  from  my  own  experience  and  from  the  experience  of  others,  is 
that  we  do  not  get  the  results  with  this  apparatus  which  should  be 
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gotten.  This  is  due  to  two  important  reasons.  One  is  that 
too  much  of  the  apparatus  installed  will  not  hold  its  adjustment 
and  function  properly.  The  other  is  that  practically  all  of  our  auto- 
malic  control  is  based  upon  the  dry  bulb  temperature  without  the 
use  of  proper  air  conditioning  apparatus  and  control. 

The  first  of  these  difficulties  is  of  course  a  matter  for  the  manu- 
facturers of  this  class  of  apparatus  to  correct.  The  second  difii- 
culty  can  only  be  corrected  by  better  understanding  and  cooperation 
between  the  engineers,  the  operators  and  the  users  of  this  apparatus. 

It  seems  to  me  that  we  have  all  clung  long  enough  to  the  fallacy 
of  trying  to  maintain  a  constant  dry  bulb  temperature  and  to  per- 
suade the  occupants  that  they  should  be  comfortable  under  such 
conditions  regardless  of  the  other  two  important  conrfort  factors, 
i.e.,  relative  humidity  and  air  motion. 

We  all  know  that  our  standard  temperature  of  07  degrees  is  per- 
fectly comfortable  with  the  relative  humidity  of  about  GO  per  cent 
and  a  very  low  air  motion.  This  condition  may  obtain  in  a  home 
where  sufficient  moisture  is  evaporated  or  even  in  the  class-room  of 
a  school  building  where  there  is  no  mechanical  ventilation.  As  soon, 
however,  as  we  introduce  mechanical  ventilation  and  get  such  a 
rapid  change  of  air,  the  relative  humidity  goes  down  on  a  cold  winter 
day  to  about  20  per  cent  and  with  the  additional  air  motion  the 
occupants  will  not  be  comfortable  in  a  temperature  much  under 
80  deg. 

Still  we  insist  on  maintaining  the  temperature  at  67  deg.  and  on 
persuading  the  occupants  that  they  must  be  comfortable  under 
these  conditions.  As  a  result  the  occupants  conclude  that  there  must 
be  something  the  matter  with  the  thermometer  or  the  temperature 
control  apparatus  and  very  frequently  tamper  with  this  apparatus  in 
an  effort  to  bring  about  comfortable  conditions.  This  continual 
tampering  with  the  apparatus  we  must  admit  is  responsible  for  some 
of  the  difficulty  charged  against  the  improper  functioning  of  the 
apparatus  itself,  but  between  the  two  things  it  is  generally  almost 
impossible  to  determine  which  is  to  blame. 

The  only  way  to  correct  these  two  difficulties  is  for  the  manufac- 
turers and  the  engineers  to  unite  in  a  determination  to  eliminate  these 
two  very  important  detrimental  factors.  I  should  like  to  leave  this 
thought  with  the  members  for  their  careful  consideration.  We  must 
realize  that  no  undertaking  is  better  than  the  usual  every-day  results 
which  it  will  produce  and  that  in  the  case  of  automatic  temperature 
control,  these  results  depend  as  much  upon  the  operator  and  the 
user  of  the  apparatus  as  they  do  upon  the  apparatus  itself.  When 
we  come  to  the  matter,  therefore,  of  promoting  the  interest  of  any 
such  apparatus,  we  must  first  show  that  it  will  function  under 
usual  conditions  in  the  interest  of  those  for  whose  use  it  is  intended. 

The  President:  A  point  I  am  glad  to  see  brought  out  is  the 
question  about  wet-bulb  temperature.  I  think  Dr.  Hill  has  brought 
that  out  very  clearly  in  connection  with  his  paper  on  the  synthetic 
air  chart,  and  as  I  had  occasion  to  tell  him  recently,  I  think  he  has 
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told  us  so  much  all  at  once  in  his  paper  on  the  synthetic  air  chart 
that  we  do  not  grasp  all  that  there  is  in  it.  i  told  him  to  separate 
that  into  about  five  parts  and  give  us  each  part  separately,  which  1 
think  he  will  do.  He  is  carrying  on  experiments  all  the  time.  He 
has  demonstrated  quite  conclusively  by  some  exhaustive  experi- 
ments that  he  has  been  carrying  on,  that  with  a  dry-bulb  temperattire 
of  say  70  deg.  and  with  a  wet-bulb  temperature  of  GGi  j  deg.,  which 
would  be,  as  I  remember,  about  45  per  cent  relative  humidity,  a 
variation  of  >4  deg.  up  or  down  from  that  66>2  deg.  wet-bulb  either 
makes  a  person  uncomfortably  warm  or  uncomfortably  cold  with 
that  dry-bulb  temperature;  whereas  if  we  will  hold  the  wet-bulb 
temperature  constant  at  56j/{.  deg.  we  can  vary  that  temperature 
8  deg.  below  and  14  above  70  deg.  dry-bulb  and  not  feel  the  same 
amount  of  discomfort  as  from  a  slight  variation  in  the  dry-bulb 
temperature  with  the  higher  wet-bulb  reading.  I  think  it  is  nearly 
two  hundred  years  ago  that  the  wet-bulb  temperature  was  first 
brought  to  the  attention  of  people  by  some  scientist  in  England  as 
being  the  correct  way  of  measuring  temperature.  We  knew  of  it 
and  yet  did  not  take  any  action,  and  I  think  this  Society  should  do 
something  along  that  line. 

The  Author:  With  reference  to  remarks  of  Mr.  Williams, 
would  state  that  where  a  steam  boiler  is  used  and  the  heat  is  shut 
off  by  the  thermostat  system,  the  pressure  on  the  boiler  would  go 
up  and  the  dami)er  regulator  would  check  the  draft. 

With  a  furnace  >vstem  of  heating,  the  damper  motors  actuating 
the  dampers  would  themselves  indicate  whether  or  not  the  building 
had  become  sufficiently  heated.  Therefore,"  I  do  not  believe  a  sep- 
arate indicating  system  would  be  necessary  except  in  special  cases. 

With  reference  to  the  remarks  of  Mr.  Perry  West,  I  think,  of 
course,  automatic  humidity  control  should  be  used  and  it  can  be 
easily  applied  to  a  blast  system  of  heating.  With  direct  steam  or  hot 
water  heat,  it  is  more  difficult  to  apply  automatic  humidity  control. 
With  such  heating  systems,  there  is  not  a  great  deal  of  variation  in 
the  indoor  humidity.  As  a  matter  of  fact,  it  is  impossible  to  have 
a  humiditv  as  high  as  GO  per  cent  without  producing  an  excess  mois- 
ture deposit  on  the  windows,  and  with  an  indoor  humidity  of  25  per 
cent  to  40  per  cent,  which  ordinarily  obtain  with  such  heating  sys- 
tems, there  is  not  a  great  deal  of  difference  between  the  dry  bulb 
and  wet  bulb  temperatures.  • 
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REPORT  OF  COMMITTEE  ON  AUTOMATIC 
HEAT  CONTROL 

To  The  American  Society  of  Heating  and  Ventilating 
Engineers  : 

The  purpose  of  this  report  is  to  discuss  automatic  temperature 
regulation,  particularly  in  its  effect  upon   fuel  conservation. 

There  are  many  appliances  on  the  market  for  securing  automatic 
temperature  regulation.  There  are  a  number  of  substantial  and 
well  established  firms  having  representatives  in  principal  cities,  who 
make  a  business  of  manufacturing  and  installing  these  devices.  We 
may  state,  therefore,  that  automatic  temperature  regulation  is  a 
commercial  success,  and  that  the  various  methods  of  securing  it 
are  effective  in  the  particular  field  for  which  each  was  designed.  It 
is  believed  unnecessary  in  this  report  to  describe  the  mechanism. 

TEMPERATURE  REGULATION   INHERENTLY   ECONOMICAL 

All  devices  for  automatic  temperature  regulation  are  and  must 
l)e  devices  making  for  economy  of  fuel,  since  they  shut  off  the  heat 
supply  whenever  the  desired  temperature  has  been  attained,  turning 
the  heat  on  again  only  when  the  temperature  drops  below  the 
desired  point. 

AT  THE  USUAL  OUTSIDE  TEMPERATURE,  ALL  SUCCESSFUL  HEATING 
SYSTEMS  HAVE  EXCESS  CAPACITY 

The  human  mechanism  can  flourish  within  a  very  close  tempera- 
ture range  only.  It  is  necessary,  therefore,  during  about  two-thirds 
of  every  human  life,  for  that  life  to  be  carried  on  either  within 
artificially  heated  spaces  or  within  unusually  heavy  wearing  apparel. 
The  artificial  heating  apparatus  must  be  sufificiently  powerful  to 
maintain  a  temperature  of  around  70  deg.  when  the  weather  outside 
is  at  its  coldest.  Since  such  low  outside  temperatures  exist  for  a 
comparatively  small  part  of  the  heating  season  only  (it  is  below 
zero  in  this  latitude  only  about  10  per  cent  of  the  heating  season) 
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it  follows  that  during  the  balance  of  the  heating  season  the  heating 
apparatus  must  be  operated  at  less  than  full  capacity.  There  is  thus 
a  constant  tendency  to  overheat  during  mild  weather  in  all  classes 
of  buildings. 

AUTOMATIC   REGULATION    OF  BODY   TEMPERATURE   NECESSARY 

The  results  of  overheating  on  human  efficiency  and  health  are 
profound,  and  within  the  comfort  limits  of  our  normal  life,  over- 
heating is  more  common  and  carries  more  harmful  results  by  far 
than  under-heating.  Granting,  for  instance,  that  70  deg.  at  normal 
humidity  is  most  comfortable,  we  deteriorate  far  more  rapidly, 
mentally  and  physically  when  living  in  an  average  of  80  deg.  than 
when  living  in  an  average  of  60  deg.  even  though  the  higher  tem- 
perature may  be  compensated  for  by  lower  humidity  at  the  high 
temperature,  and  higher  moisture  content-  at  the  lower  temperature. 
The  elaborate  mechanism  for  automatic  temperature  regulation  in 
the  bodies  of  mammals  and  the  serious  results  of  very  slight  failure 
of  this  regulation  to  function  properly,  should  indicate  the  wisdom 
of  all  practicable  exterior  measures  that  we  can  take  to  assist. 

.\UT0M.\TIC     TEMPERATURE     REGULATION      NECESSARY     IN     ORDER     TO 

REALIZE  BENEFIT  OF  HEAT  FROM  SOURCES  INDEPENDENT 

OF    HEATING    APPARATUS 

In  all  buildings  or  enclosed  spaces,  regardless  of  outside  tempera- 
ture, there  will  be  some  heat  given  off  from  the  bodies  of  the  occu- 
pants, from  processes  carried  on,  or  from  the  sun.  Unless  very 
careful  and  unremitting  attention  is  given  by  some  person  to  any 
system  of  manual  temperature  control,  these  additional  supplies  of 
heat  will  cause  an  unnecessary  and  undesirable  temperature  increase. 
It  is  fair  to  say  that  the  introduction  of  automatic  temperature 
regulation  is  the  only  consistently  practicable  means  of  realizing  the 
saving  in  fuel  to  be  made  by  utilizing  to  the  fullest  possible  extent 
these  independent  heat  supplies. 

HUMIDITY    CONTROL    DEPENDENT    UPON    TEMPERATURE    CONTROL 

In  considering  temperature  in  its  bearing  on  human  activities  and 
comfort,  we  cannot  lose  sight  of  humidity,  as  the  two  are  most 
intimately  correlated.  So  rapid  are  the  changes  in  humidity  con- 
ditions following  our  existing  methods  of  varying  it,  that  manual 
control  is  comparatively  impossible.  Automatic  regulation  of  the 
temperatures  of  the  untreated  air  and  of  the  injection  water  when 
they  are  brought  into  contact,  gives  us  very  positive  and  responsive 
humidity  control.     The  ability  to  control  within   very  close  limits 
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the  moisture  content  of  air  is  necessary  in  many  manufacturing 
processes,  and  so  intimate  and  remarkable  are  the  results  following 
the  automatic  control  of  moisture  content  in  such  cases  that  we 
believe  the  future  along  this  line  holds  wonderful  possibilities. 
The  saving  of  materials  in  process  of  manufacture  otherwise  wasted 
because  of  inconsistent  or  improper  reactions  must  here  be  credited 
to  automatic  temperature  regulation. 

IMI'()RT.\XCE  OF   CONTKOI.   OF    WATER   TE.M  PER.MURE 

The  temperature  of  all  domestic  hot  water  supplies  should  be. 
controlled  automatically,  as  not  only  waste  in  fuel,  and  rapid  deteri- 
oration of  valves  and  packing,  but  serious  scalding  may  result  from 
overheated  water.  By  domestic  supplies  we  mean  all  water  used 
for  lavatories,  laundries,  baths,  etc.,  whether  in  homes  or  offices 
or  in  factories.  In  this  connection  the  deatli  in  Chicago  of  a  two- 
year  old  child  recently  would  have  been  averted  by  automatic  tem- 
perature regulation  of  the  hot  water. 

EXISTING    CONDITIONS 

In  general,  manufacturing  plants  the  country  over,  however 
heated,  are  without  any  automatic  temperature  regulation.  When 
the  weather  is  such  that  the  heating  plant  causes  discomfort,  people 
open  the  doors  and  windows,  and  very  selcjom  shut  ofif  any  heating 
surface  or  reduce  materially  the  coal  consumption.  Too  often  such 
neglect  is  based  on  the  idea  that  exhaust  steam  is  of  no  value, 
although  in  making  it,  al)out  nine-tenths  of  all  the  fuel  burned  was 
required,  and  in  wasting  it  this  nine-tenths  is  wasted.  Automatic 
temperature  regulation  is  at  present  vitally  responsible  for  increased 
efficiencies  in  manufacturing  processes,  particularly  as  regards  the 
saving  in  time.  It  has  made  possible  the  drying  of  lumber  in 
months  where  it  formerly  took  years.  It  has  simplified  greatly 
the  production  of  many  sorts  of  prepared  food — such  as  is  being 
sent  abroad  for  the  army — and  has  shortened  materially  the  time 
required  in  such  preparation.  It  should  not  be  forgotten  that  the 
application  of  automatic  temperature  regulation  in  manufacturing 
plants  usually  results  in  the  release  of  labor  w^hich  can  be  used 
for  other  purposes.  It  is  no  uncommon  thing,  where  automatic 
temperature  regulation  is  not  installed,  to  see  a  inan  devoting  his 
entire  time  to  the  manipulation  of  the  heating  system  and  the 
windows,  or  to  the  valves  governing  the  temperatures  for  certain 
processes  of  manufacture. 

The  cost  of  heating  buildings  supplied  from  an  outside  source, 
especially  when  steam  is  used,  is  nearly  always  materially  reduced 
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by  installing  automatic  temperature  regulation.  With  such  systems 
of  heating,  the  occupants  control  the  temperature  in  the  easiest 
way,  which  is  to  open  the  windows,  and  seldom  turn  off  the  heat. 
When  the  coal  is  burned  on  the  premises  a  natural  human  instinct 
to  reduce  labor  as  much  as  possible  tends  to  some  extent  to  prevent 
waste. 

Only  a  few.  certainly  not  over  one  in  ten,  of  the  residences  in  this 
country  have  automatic  temperature  regulation,  despite  the  very 
simple  and  inexpensive  devices  which,  operating  on  the  draft  damp- 
ers of  the  heaters,  will  prevent  any  overheating  and  will  even  insure 
the  maintenance  of  a  reduced  temperature  during  the  night  without 
any  special  adjustment. 

In  buildings  having  warm  air  furnaces  for  supplying  heat,  auto- 
matic temperature  regulation,  since  it  prevents  to  a  great  extent 
any  hard  firing  unless  ample  cold  air  is  being  admitted  or  unless  the 
building  requires  the  heat,  will  make  for  longer  life  in  fireboxes, 
grates,  etc.  In  such  installations,  also,  for  the  same  reason,  there 
will  be  materially  less  danger  of  fire  from  overheated  parts  of  the 
apparatus. 

A  fair  share  of  all  i)ublic  buildings  is  e(]uipped  with  automatic 
temperature  regulation,  particularly  those  buildings  having  me- 
chanical ventilation.  This  is  done  not  only  because  fuel  economy 
is  sought,  but  also  because  with  such  ventilation,  very  rapid  air 
changes  are  necessary  and  manual  temperature  control  is  impossible. 
There  is  an  increasing  tendency  to  install  automatic  temperature 
regulation  for  street  and  railway  cars,  in  order  to  take  the  fullest 
advantage  of  the  heat  given  oflf  by  the  occupants. 

Practically  all  air  conditioning  apparatuses  wherever  installed,  if 
successful,  have  automatic  temperature  regulation  in  connection 
with  the  humidity  control.  Hot  water  domestic  service  heaters  in 
public  buildings  are  usually,  when  heated  by  steam,  provided  with 
automatic  temperature  control.  We  believe  that  comparatively 
few  such  heaters  for  residences  and  manufacturing  plants  are  so 
controlled,  though  very  simple  and  economical  devices  for  the  pur- 
pose, operating  on  the  heater  drafts,  are  available. 

PROBABLE    SAVINGS    BY    INTRODUCTION    OF    AUTOMATIC    CONTROL 

We  believe  that  where  automatic  temperature  control  is  installed, 
the  device  will  be  in  operation,  limiting  the  emission  of  heat  and  the 
waste  of  fuel  for  fully  one-half  of  the  time  during  which  the  heat- 
ing apparatus  is  fired. 

It  is  unfair  to  claim  from  this  a  fuel  saving  of  50  per  cent,  of 
course,  since  all  sorts  of  heating  plants  reflect  at  the  fire  rather 
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sluggishly  the  conditions  in  the  building.  With  electrical  heating, 
the  saving  is  nearly  directly  in  proportion  to  the  hours  turned  off. 
With  steam  heating  there  is  a  constant  heat  loss  from  the  pipes, 
and  when  the  steam  is  turned  on  a  cool  radiator  the  rate  of  con- 
densation momentarily  is  excessive.  When  steam  is  turned  off 
from  all  the  radiators  or  a  large  percentage  of  them,  the  pressure 
at  the  boiler  increases  rather  slowly,  and  while  such  pressure 
increase  is  reflected  ultimately  in  the  rate  of  fuel  consumption,  it 
may  be  many  minutes  after  the  radiators  are  closed.  With  hot  air 
heating  in  residences,  for  instance,  where  the  temperature  is  con- 
trolled by  the  draft  damper,  even  though  the  draft  be  decreased, 
it  will  take  some  minutes  for  any  decreased  combustion  rate  to  be 
manifest. 

Observations  of  many  different  types  of  automatic  temperature 
control,  under  varying  conditions,  and  all  available  tests  of  such 
systems  indicate  strikingly  that  in  order  to  maintain  closely  any 
fixed  temperature  there  must  be  an  almost  continuous  movement 
of  the  dampers  or  valves.  Such  persistent  and  continuous  adjust- 
■  ment  by  hand  is  well  nigh  impossible. 

The  following  are  some  well  authenticated  records  of  actual 
savings : 

1.  Test  by  F.  A.  DeBoos,  at  Kansas  City,  Mo.,  in  an  office 
building,  heated  by  direct  steam  (Transactions  of  The  American 
Society  of  Heating  and  Ventilating  Engineers.  \^o1.  23,  page 
G-19).  The  steam  was  shut  off  63  per  cent  of  the  time  between  8  :00 
A.  M.  and  6:00  P.  M.  during  February,  with  an  outside  tempera- 
ture of  29  deg.  although  the  temperature  inside  was  maintained  at 
70  deg.  These  observations  also  indicated  that  the  valve  must  be 
opened  and  closed  around  2,500  times  during  a  heating  season,  hold- 
ing the  room  temperature  within  a  range  of  one  degree  from  the 
pcint  desired 

2.  Simultaneous  tests  of  the  temperature  and  condensation  of 
.  two  buildings  of  practically  equal  size  at  the  University  of  Illinois 

(Prof.  A.  C.  W^illard)  show  a  consistent  decrease  in  the  amount  of 
steam  required  by  the  automatically  controlled  building  as  the  out- 
side temperature  increased,  while  the  manually  controlled  building 
became  too  warm  as  the  outside  temperature  increased,  with  very 
little  decrease  in  the  amount  of  steam  used.  A  saving  of  17  per 
cent  of  the  steam  required  was  made  at  the  I'niversity,  by  main- 
taining 70  deg.  rather  than  75  deg.  The  exact  percentage  of  saving 
possible  is  difficult  to  prove. 

3.  Consistent  observations  extending  over  many  years,  by  the 
Boards  of  Education  at  Toledo,  Ohio;  Erie.  Pa. :  Kansas  City.  Mo., 
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and  other  places  where  buildings  of  similar  type  and  size  are 
eqiu'pped  with  similar  heating  systems  both  with  and  without  auto- 
matic temperature  regulation,  show  an  average  saving  of  around 
15  per  cent  of  the  total  fuel  consumption  per  season  by  using  auto- 
matic temperature  regulation. 

4.  The  introduction  of  automatic  temperature  regulation  to 
street  cars,  as  shown  by  tests  made  by  the  Chicago  Railways 
Company  where,  since  electric  heating  was  used  savings  were  easily 
computed,  show  a  saving  by  preventing  overheating,  of  well  over 
50  per  cent.  This  saving  computed  on  the  basis  of  3  lb.  of  coal 
per  kw.-hr.  means,  for  the  50,000  electrically  heated  cars  in  the 
United  States,  a  saving  of  nearly  750,000  tons  of  coal  per  season. 

5.  A  two-weeks  test  was  conducted  in  a  residence  at  Overbrook, 
Pa.,  supplied  by  a  central  heating  plant.  The  first  week  the  plant 
was  operated  under  hand  control,  and  required  an  average  of  2,180 
lb.  of  steam  per  day  (measured  by  condensation).  During  the 
second  week  the  house  was  under  automatic  control,  and  the  average 
amount  of  steam  consumed  })er  day  was  1,500  lb.  During  these 
two  weeks  the  average  outdoor  temperature  was  practically  the 
same.  This  shows  a  saving,  therefore,  of  G80  lb.  of  steam  per 
day,  or  at  50c  per  1,000  lb.,  34c  per  day  (American  Radiator 
Company).     The  saving  is  over  31  per  cent. 

6.  Mr.  F.  W.  Ballard  in  a  paper  read  before  the  Ohio  Society 
of  Mechanical  and  Electrical  Steam  Engineers,  describes  a  central 
heating  plant  operating  at  Cleveland,  equipped  with  automatic  tem- 
perature control.  To  quote  from  his  statement :  "This  has  been 
found  in  some  cases  to  reduce  steam  consumption  by  as  much  as  25 
to  30  per  cent." 

7.  Automatic  temperature  regulation  installed  on  the  heating 
plant  in  the  First  National  Bank  Building  at  Peoria,  111.,  showed  a 
saving  of  approximately  33  1-3  per  cent  in  a  test  extending  over  a 
period  of  eight  months  as  compared  with  the  corresponding  months 
of  the  previous  winter.  The  test  was  conducted  and  the  statistics 
were  compiled  by  Mr.  H.  R.  Wetherell  of  the  National  District 
Heating  Association.  Ilie  net  saving  in  this  building  for  the  year 
was  $158.95,  which  was  considerably  more  than  the  cost  of  the 
very  simple,  self-contained  type  of  automatic  control  installed. 

8.  Mr.  H.  A.  Woodworth,"M.  E.,  Merchants  Heat  &  Light 
Company,  Indianapolis,  Ind..  made  a  seven  days'  comparative  test 
on  a  building  with  and  without  automatic  temperature  regulation, 
and  developed  a  saving  of  about  35  per  cent  in  steam  consumption 
through  the  introduction  of  the  regulating  equipment. 
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9.  A  large  store  at  Hartford,  Wis.,  heated  by  steam  from  a 
central  station,  and  so  having  ready  means  of  measuring  the  con- 
densation, saved  nearly  $200.00  in  one  season  by  installing  a  single 
unit  automatic  temperature  regulator. 

COSTS 

The  cost  of  installing  automatic  temperature  control  to  an  exist- 
ing plant  varies,  of  course,  with  the  conditions.  In  manufacturing 
buildings,  it  is  often  possible  to  control  a  large  number  of  heating 
units  in  the  same  room  with  one  thermostat.  While  perhaps  not 
so  minute  regulation  will  thus  be  accomplished,  a  general  condition 
will  be  attained  of  preventing  overheating. 

Where  the  building  is  considerable  in  size  and  has  many  rooms, 
a  system  of  regulation  having  many  units — such  as  the  type  using 
compressed  air  as  motive  power — or  an  electrical  system,  is  least 
expensive  and  most  satisfactory.  With  its  control  of  each  unit  of 
radiation,  varying  the  amount  of  heat  as  the  varied  exposure  and 
heat  source  conditions  of  the  building  require,  such  a  plant  must 
reach  a  high  efficiency.  Maintenance  seems  to  cost  annually  not 
to  exceed  2  per  cent  of  the  cost  of  the  plant. 

For  buildings  having  but  one  or  two  rooms,  and  for  residences 
of  reasonable  size,  however  heated,  single  unit  regulators,  which 
may  be  self-contained,  or  electric  or  mechanical,  give  satisfactory 
results  and  the  maintenance  cost  is  negligible. 

It  may  be  roughly  stated  that  a  good  system  of  automatic  tem- 
perature regulation  may  be  installed  in  a  building  for  from  5  to  10 
per  cent  of  the  cost  of  the  heating  plant. 

CONCr.USIONS 

The  installation  of  automatic  temperature  regulation,  or  system 
for  prevention  of  excess  temperature,  is  a  justifiable  investment  for 
all  heating  systems  inasmuch  as  it  very  positively  contributes  to : 

1.  Conservation  of  fuel. 

2.  Improvement  in  health. 

3.  Gain  in  personal  efficiency. 

Those  installations  in  which  it  is  particularly  a  desirable  and  wise 
addition,  are : 

1.  All  manufacturing  plants  in  which  a  temperature  of  60  deg. 
or  higher  is  maintained. 

2.  All  offices. 

3.  All  residences.  For  the  smaller  residences  the  type  which  has 
but  one  thermostat,  operating  on  the  heater  drafts,  gives  excel- 
lent results. 
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4.  All  buildings  heated  from  central  stations,  and  particularly  those 

having  steam  service.     For  many  of  these  the  single  unit  type 
of  control  is  ample. 

5.  All  buildings  having  mechanical  ventilation.  The  air  changes 
are  so  rapid  and  involve  such  quick  temperature  fluctuations 
that  automatic  temperature  regulation  is  imperative  from  the 
comfort  standpoint  as  well  as  for  many  other  reasons. 

(i.  All  service  hot  water  heaters,  particularly  those  having  coils 
which  are  supplied  with  steam.  The  savings  to  be  made  are 
very  great.  Prevention  of  scalding  is  positive.  Steam  supply 
to  the  coils,  or  the  drafts  of  the  coal  fired  heater,  or  the  supply 
to  the  gas  fired  heater  may  be  controlled  by  automatic  devices 
limiting  the  temperature  of  the  water. 

7.  All  manufacturing  processes  in  which  the  exact  control  of  the 
moisture  contained  in  the  air  and  the  temperature  of  any  of 
the  materials  are  of  importance. 

f^.  All  railway,  elevated  or  street  cars,  particularlv  those  heated  by 
electricity,  and  used  for  the  trans]:>ortation  of  luunan  beings. 

For  data  incorporated  in  this  report  acknowledgment  is  due  to 
Dr.  E.  V.  Hill,  of  the  Chicago  Department  of  Health,  to  Mr.  A. 
R.  Root  of  the  American  Radiator  Co.,  Chicago,  and  to  H.  W. 
Ellis,  of  the  Johnson  Service  Co.,  Milwaukee,  Wis. 

Respectfully  submitted, 
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No.  513 

A  TEST  OF  THE  CONDUCTIVITY  OF  WINDOW 

SHADES 

By  John  R.  Allen.  Minneapolis,  Minn. 
Member 

THIS  test  was  made  for  the  purpose  of  determining  the  rela- 
tive amounts  of  heat  transmission  through  a  single  strength 
glass  window,  close  fitting  with  stops  on  both  sides,  first  with- 
out window  shades  and  second  with  window  shades  pulled  down  in 
^ront  of  the  window. 

APPARATUS 

For  the  purposes  of  the  test,  a  specially  prepared  cubical  box,  5 
ft.  inside  dimensions,  open  on  one  side,  was  used.  The  walls  of  the 
box,  laminated  and  insulated,  were  8^/2  in.  in  thickness,  and  inside 
KiOO  lb.  of  ice  were  placed  in  a  galvanized  iron  pan  from  which  a 
drip  pipe  led  to  the  outside.  In  the  open  end  of  the  box,  two  win- 
dow sash  were  tightly  fitted  with  stops  on  both  sides.  The  adjacent 
sides  of  the  box  projected  about  0  in.  beyond  the  window,  and  in 
the  recess  thus  formed,  a  window  shade,  fitting  it,  was  hung.  When 
pulled  down,  there  was  a  clearance  between  the  roller  and  the  top 
of  the  recess  of  about  %  in.  and  a  clearance  on  the  sides  of  the 
curtain  of  from  /^  to  ^  in.  The  bottom  of  the  curtain  was  held 
off  the  bottom  of  the  recess  by  the  drip  pipe,  and  between  the  cur- 
tain and  the  window  stop  there  was  a  clearance  of  from  yl  to  j's  in- 
This  testing  box  is  similar  to  that  described  in  my  paper  on  Heat 
Transmission  Through  Building  Materials  (Transactions,  Vol. 
XXII,  1916,  see  page  509). 

Another  curtain  was  hung  on  the  top  of  the  box  at  the  edge  imme- 
diately above  the  window  and  when  pulled  down  hung  closely  on 
all  sides  of  the  opening  or  recess. 


Paper  presented  originally  before  Minnesota  Chapter  and  subsequently  at  the  Annual 
Afeeting  of  The  American  Society  of  Heating  and  Ventilating  Engineers,  New  York. 
January,  1919. 
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FIG.   1.     DETAILS   OF  TEST  BOX   FOR  INVESTIGATIONS  OF   IIF.AT 
CONDUCTIVITY  OF  AVINDOW  SHADES. 


FIG.   2.      DETAILS   OF    CONSTRUCTION    OF   HE.\T   TR.KNSMISSION    BOX    USED 

IN  TESTS. 
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METHOD  OF  TEST 

Temperatures  were  observed  8  ft.  away  from  the  box  to  deter- 
mine the  outside  temperature,  at  two  points  immediately  in  front  of 
the  window  and  at  seven  points  immediately  inside  the  window. 

The  main  criterion  of  the  test  was  the  rate  at  which  the  ice  was 
melted  under  four  diflferent  conditions  which  were  as  follows : 

(1)   Both  curtains  rolled  up; 

{2)   Inner  curtain  only  pulled  down; 

(3)  Both  curtains  pulled  down; 

(4)  Outer  curtain  only  pulled  down. 

Measurements  of  the  water  running  out  were  made  in  100  c.c. 
and  1000  c.c.  amounts  to  determine  the  time  necessary  for  the  melt- 
ing to  reach  a  uniform  rate  and  also  to  check  the  longer  time  tests 
which  ran  from  3  hours  to  20  hours  in  length. 

Corrections  were  made  for  the  difference  in  temperatures  between 
the  inside  and  outside  temperatures  which  varied  from  31. G  deg. 
to  29.3  deg.  fahr. 

RESULTS 

The  results  from  these  tests  show  that  the  saving  in  heat  trans- 
mitted by  the  use  of  the  single  inside  curtain  was  19.2  per  cent,  by 
the  outside  curtain,  28.7  per  cent  and  by  both  curtains  42.7  per  cent. 
The  marked  difference  in  heat  transmission  between  the  tests  of  the 
inner  curtain  and  the  outer  curtain,  was  without  doubt  due  to  the 
fact  that  the  inner  curtain  did  not  fit  its  opening  tightly.  This 
allowed  currents  of  warm  air  to  enter  at  the  top  and  being  cooled 
between  the  curtain  and  the  window,  to  fall  and  go  out  through  the 
clearances  at  the  sides  and  bottom.  The  outer  curtain  fitted  over 
the  smooth  sides  of  the  box  about  1^^  in.  and  permitted  very  little 
movement  of  air  between  it  and  the  window. 

The  author  desires  to  here  render  acknowledgment  to  Prof.  Fred- 
crick  Bass  for  his  assistance  in  conducting  these  tests. 
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L   Both  shades  up 35.55  21.6  LOl 

2.  Inner  shade  down 36.58  26.0  0.817  19.2 

3.  Both   shades  down 45.93  29.3  0.578  42.7 

4.  Outer  shade  down 40.38  28.5  0.720  28.7 


No.  514 

TOPICAL  DISCUSSION 

CAPACITIES  OF  AUTOMATIC  ROOF  VENTILATORS 


/N  z'iciv  of  the  demand  fur  infoniialioii.  conccni'uig  the  various  types  of 
automatic  roof  z'eiitilators  at  the  time  of  the  many  hoivsiiig  campaigns 
during  the  recent  zvar,  the  Publication  Committee  endeax'ored,  from  vari- 
ous sources,  to  obtain  authoritative  data  zvhicli  zvould  serve  as  a  guide  in  gen- 
eral to  designers,  called  upon  to  make  use  of  this  class  of  apparatus.  An 
attempt  to  analyse  the  various  types  of  roof  ventilators  as  ordinarily  con- 
structed resulted  in  the  follounng  four  classifications  with  respect  to  the 
fixity  of  the  body  or  head  and  its  vanes  or  elements: 

1.  Ventilators  zvith  fixed  heads  and  vanes  or  elements; 

2.  Ventilators  zvitlt  fixed  head,  but  Jiaving  rotating  elements; 

3.  Ventilators  having  fixed  vanes  or  elements,  but  zvith  heads  pivoted  so  as 
to  szvivel  zvith  zvind  currents ; 

4.  Ventilators  having  both  pivoted  heads  and  rotating  elements. 

While  the  data  obtained  for  presentation  at  the  Annual  Meeting  zvere 
very  meagre,  they  zvere  sufficiently  direct  and  interesting  to  incite  the 
follozving  discussion. 

Major  James  W.  H.  Myrick  :  In  touching  on  that  roof  venti- 
lator proposition  I  would  simply  like  to  say  that  the  ordinary  pipe, 
square  or  round,  with  the  wind  blowing  across  the  top  of  it,  if  it 
were  possible  for  the  wind  to  blow  at  that  angle  at  all  times,  and  a 
board  put  up  to  windward  so  as  to  create  a  free  exhaust  to  the  lee- 
ward would  increase  the  efficiency  of  the  pipe  or  chimney.  The 
Bureau  of  Standards  in  Washington  will  give,  I  think,  the  tests 
that  they  have  been  making  on  different  styles  of  ventilators. 

Any  construction  of  that  form  called  an  ordinary  Dutch  hood, 
with  top  cover,  or  weather  shield  at  an  angle  of  45  deg.  to  keep  out 
the  weather  and  the  wind  from  blowing  down  the  pipe,  is  very 
nearly  as  good  as  any  form  of  stationary  ventilator  made,  such  as 
the  Anchor,  Pancoast,  Royal,  Burt,  Globe,  Star  or  Crown,  but  all 
of  these  stationary  vents  have  got  one  form  or  another  of  weather 
shields,  or  baffle  which  are  in  a  way  obstructions  to  the  free  exit  of 
the  air ;  whatever  air  enters  any  of  them  at  the  windward  side  leaves 
at  the  leeward  side,  taking  up  some  space  of  the  stub  exhaust  area, 
so  that  they  are  practically  weather  shields.  They  are  about  the  same 
on  all  tests  made.  The  Standard  Oil  Company  and  some  other  large 
corporations,  buying  large  quantities  of  ventilators,  are  continually 
making  tests. 

Any  swinging  ventilator  with  a  closed  end  toward  the  wind,  like 
the  "nigger-heads"  used  in  New  York  in  large  numbers,  has  more 
efficiency  in  tests  that  have  been  made  by  engineers  than  any 
particular  ventilator  design  of  the  stationary  kind  or  make.     The 
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old  fashioned  lobster-back  elbow  or  what  is  called  the  ship-cowl 
with  the  tail-piece,  rudder  or  weather  vane  with  free  exit  to  the 
leeward,  is  a  very  good  ventilator  and  good  enough  for  all  purposes 
when  properly  installed,  provided  there  is  an  ordinary  wind  current 
of  7  or  8  miles  an  hour  at  all  times. 

On  testing  w'ind  velocities,  Prof.  Agassiz  and  Lord  Kelvin,  in 
their  reports  showed  the  lowest  to  be  2]/?  to  3^  miles  per  hour  at 
a  distance  35  ft.  above  the  ground  surface,  in  an  uninterrupted  air 
current.  There  are,  of  course,  all  kinds  of  eddies  and  peculiar  con- 
ditions brought  about  in  a  city  by  the  high  buildings ;  but  with  no 
obstruction,  we  practically  never  have  anything  less  in  any  record  or 
curve  that  has  ever  been  taken  lower  than  2^  miles  an  hour. 
The  wind  movement  given  in  the  Heating  and  Ventilating  Magazine 
is  about  10  to  14  miles  in  the  average  city.  I  think  the  lowest  we 
have  in  Boston  is  about  145^  miles.  There  is  practically  no  time  you 
get  a  reading  less  than  5  miles  an  hour. 

Thus  the  so-called  Espey  ventilator  that  has  been  on  the  market 
about  25  or  30  years,  has  the  advantage  over  the  so-called  "lobster- 
back,"  because  it  is  pointed  to  windward  which  has  a  tendency  to 
split  the  air  currents  and  create  a  so-called  vacuum  head  to  the 
leeward.  The  Espey  type  is  made  by  every  sheet  metal  man 
and  tinsmith.  Tests  will  show  better  anemometer  readings  with 
them  than  any  of  the  other  so-called  ventilators. 

With  the  Fenn  or  Uno  type,  made  by  a  number  of  difYerent  con- 
cerns, the  rotating  head  will  stop  the  down  draft  but  the  centrifugal 
motion  it  creates  in  the  turning  head  does  not  help  the  circulation 
in  the  stack,  that  is,  in  itself,  it  does  not  create  an  upward  draft ; 
of  course  the  inlet  air  temperature  must  be  taken  into  consideration, 
as  w^as  brought  out.  It  is  possible  to  take  any  stationary  ventilator 
and  with  a  high  temperature  inside  the  building  obtain  high  read- 
ings, and  stack  elevation  should  be  considered  also,  when  ventilator 
readings  are  made.  With  most  of  the  ventilators  on  roofs,  with  a 
very  light  air  movement,  and  the  basement  cold,  we  are  liable  to 
have  a  down  draft,  even  with  a  revolving  type  of  ventilator.  But. 
taking  ventilators  in  general,  anything  that  has  a  closed  end  toward 
the  wind  has  a  better  displacement  than  a  stationary  ventilator. 

I  am  glad  the  Society  has  taken  this  question  up,  because  in 
many,  many  cases,  as  Dr.  Hill  has  brought  out,  there  is  a  possibility 
of  having  natural  ventilation,  and  very  many  times  a  ventilator  can 
be  used,  or  even  a  high  chimney  stack.  I  have  seen  a  number  of 
cases  where  they  have  had  a  24  in.  stack  10  stories  high  with  a  24  in. 
fan  discharging  into  the  base;  if  they  cut  off  the  motor  on  the  fan, 
the  heat  in  the  stack  or  chimney  would  cause  that  fan  to  turn  almost 
as  many  revolutions  per  minute  as  with  the  current  on,  and  the 
anemometer  doesn't  show  any  greater  velocity  with  tiie  fan  going 
than  with  the  natural  ventilation. 

In  the  use  of  the  vento,  or  stack  heater,  the  Fuel  Administrator 
has  brought  out  many  very  interesting  points.  There  are  a  great 
many  school  buildings  where  they  are  not  using,  now,  any  stack 
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heater  in  the  exhaust  or  foul  air  outlet  ducts,  because  with  the 
proper  elevation  of  the  chimney,  the  natural  ventilation  in  a  great 
many  cases  is  sufficient;  especially  with  coal  at  $11  or  $12  a  ton  it 
seems  a  waste  of  fuel  to  throw  it  out-doors  for  this  j)urpose. 

There  is  also  another  form  of  ventilator  that  has  not  been  touched 
on,  the  old  clover-leaf  ventilator,  now  made  on  these  lines  by  the 
Kernchen  people.  This  type  when  put  on  the  peak  of  the  roof, 
where  there  will  be  currents  upward,  will  give  good  tests,  but  on  a 
flat  roof,  as  a  rule,  barring  eddies,  etc.,  the  currents  are  crosswise 
or  horizontal,  not  up  and  down.  There  are  places  on  some  roofs 
where  the  currents  strike  and  go  upward,  and  if  properly  installed 
it  will  work  better  than  others.  But  a  great  many  reports  of  tests 
are  not  at  all  definite  as  to  elevation,  inside  and  outside  tempera 
ture,  humidity,  wind  velocity,  nature  of  inlet  or  feed,  etc. 

Any  kind  of  an  ordinary  stationary  roof  ventilator  is  more  or  less 
like  an  ordinary  cupola  on  a  barn.  Whatever  comes  in  the  wind- 
ward must  go  out  the  leeward,  and  it  has  a  tendency  to  create 
a  draft,  but  it  also  has  a  tendency  to  block  up  the  natural  exit.  Thus 
there  are  a  hundred  dififerent  angles  from  which  we  can  argue  what 
is  the  displacement  of  a  ventilator.  But  in  the  end,  with  known 
conditions,  an  anemometer  reading  of  the  stub  velocity  is  the  proper 
and  accurate  test. 

E.  A.  Scott:  It  is  a  fact  that  the  Construction  Division  of  the 
U.  S.  Army  made  some  tests  recently  of  some  30  odd  different 
styles  of  ventilators,  a  different  series  of  tests  from  those  referred 
to  in  this  discussion.  As  I  vmderstand  it  these  ventilators  were 
divided  into  four  different  classes,  and  included  ventilators  sub- 
mitted for  test  by  32  or  33  different  manufacturers.  I  endeavored 
to  obtain  a  copy  of  the  report,  but  I  was  told  that  it  was  being  held 
strictly  confidential.  There  was  some  very  good  information  on  it 
which  I  wanted  for  the  reason  that  a  great  many  of  the  men  through- 
out the  country  who  are  installing  roof  ventilators  or  who  are  called 
upon  to  ventilate  basements  and  other  rooms  by  natural  ventilation, 
do  not  seem  to  have  any  authentic  data  on  which  to  work.  They 
do  not  know  the  size  of  ventilator  to  put  on. 

We  know  that  there  are  some  tables  of  capacities,  published  by 
some  manufacturers.  I  have  in  mind  at  the  present  time,  one  based, 
I  believe,  on  tests  made  on  a  6  in.  ventilator.  The  results  as  given 
for  the  other  sizes  are  in  arithmetical  progression,  or  they  vary 
exactly  as  the  area  of  the  ventilator.  Such  data  are  put  out  for  the 
benefit  of.  the  men  who  have  to  install  ventilators,  and  they  certainly 
do  not  seem  to  be  the  most  authentic  that  could  be  obtained.  I  be- 
lieve it  would  be  an  excellent  move  if  this  Society  would  develop  a 
set  of  tables  of  capacities  of  roof  ventilators,  which  could  be  pub- 
lished to  give  something  approximately  correct  for  the  guidance  of 
ventilator  installers. 

Frank  K.  Chew  :     I  move  that  a  Committee  of  five  be  appointed 
to  investigate  ventilator  construction  and  capacity. 
The  motion  was  seconded  and  carried. 


No.  515 

LIMITING  THE  FUEL  FOR  DOMESTIC  HEATING 

By  Konrad  Meier,  Winterthur,  Switzerland 
Member 

ALTHOUGH  the  rules  for  limiting  the  supply  of  coal  to 
domestic  consumers  have  been  considerably  discussed, 
information  as  to  what  is  being  done  elsewhere  in  this  direc- 
tion may  still  be  of  interest.  The  indications  are,  that  fuel  will  yet 
be  scarce  and  dear  and  that  the  campaign  for  economy  has  only 
begim. 

In  addition  to  restricting  the  operation  of  heating  apparatus,  as 
mentioned  in  a  previous  paper,  Economy  in  Heating  (see  Transac- 
tions, \'ol.  24:,  1!)18,  p.  -587),  the  Fuel  Boards  of  Switzerland  are  also 
regulating  the  distribution.  The  rules  under  which  this  is  being  done 
differ  according  to  local  conditions.  In  Zurich,  a  prosperous  town  with 
com{)aratively  extensive  suburban  districts,  the  conditions  may  very 
well  be  compared  with  those  obtaining  in  the  eastern  cities  of  the 
United  States.  The  mean  outdoor  temperature  during  the  heating 
season  is  36  deg.  fahr.  Heating  apparatus  i's  calculated  for  —1  deg. 
fahr.  when  living  rooms  are  to  be  maintained  normally  at  64.4  deg. 
fahr.,  requiring  practically  the  same  capacity  as  heating  to  70  deg. 
in  zero  weather. 

The  buildings  are  divided  into  classes  for  which .  distribution  is 
made  on  different  plans.  They  comprise:  1.  Houses  with  indi- 
vidual room  heaters  or  stoves.  2.  Flats  with  small  hot-water  heat- 
ing systems  within  the  same.  3.  Private  houses  with  steam  or  hot- 
water  heat  from  the  cellar.  4.  Apartment  houses  heated  by  a  com- 
mon apparatus  in  the  cellar. 

For  the  first  of  these  classes,  a  schedule  is  adopted  on  a  basis  of 
rooms  and  occupants,  the  idea  being  that  more  persons  require  more 
of  the  rooms  to  be  heated.  The  owners  receive  amounts  of  coke 
in  pounds  according  to  the  number  of  persons  in  the  dwelling  as 
shown  in  Table  1 : 

TABLE    1.     SCHEDULE  OF   FUEL  ALLOWANCES   IX   SWITZERLAND 

Xumber  of   persons  in   dwg.  lto2  3  to  4  5  to  6  7  and  more 

1  to  2  rooms 880  TTOO  1320               1 540 

3  to  4  rooms 1320  1540  1760               1980 

5  to  6  rooms 1760  1980  2200               2420 

7  and   more  rooms 2200  2420  2640                2860 

Paper  presented  at  the  Annual  Meeting  of  The   American   Society  of  Heatixg  and 
Ventilating   Engineers,   New   York,    January,    1919. 
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For  offices  and  work  rooms  connected  with  dwellings,  also  for 
ground  floors  and  specially  exposed  locations,  these  limits  may  be 
raised  on  application  by  440  lb.  per  room  actually  used. 

Irrespective  of  the  number  of  occupants,  this  gives  an  average  of 
1/6  ton  or  less  to  the  larger  dwellings  per  room  per  season.  For 
the  smallest  apartments,  where  little  can  be  shut  off,  the  limit  may 
approach  1/3  ton  with  extra  allowances,  that  is,  in  extreme  cases 
only.  The  great  majority  of  homes  receives  from  1/5  to  1/4  ton 
per  season  per  room,  which  is  presumed  to  be  sufficient  for  reduced 
room  temperatures  and  unnecessary  heat  shut  ofif. 

As  stated,  this  schedule  applies  only  to  individual  heaters,  mostly 
stoves  of  iron  or  tile,  or  with  both  materials  in  combination.  Many 
of  these  are  used  intermittently.  For  this  class,  the  conditions  differ 
from  those  in  the  United  States,  at  least  in  regard  to  the  equipment. 
But,  except  as  compared  with  the  common  iron  stove,  they  are 
hardly  more  favorable,  because  the  efficiency  of  small  heaters  with 
unskilled  attendance  is  generally  low.  The  saving  feature  of  stoves 
lies  mainly  in  the  fact,  that  they  are  only  put  in  service  when  actually 
needed.  Even  then,  much  of  the  heat  is  lost,  because  it  gets  there 
too  late,  and  cannot  be  shut  off.  Moreover,  the  interior  location  of 
the  stoves,  mostly  of  tall  design,  tends  to  unequal  distribution  of 
the  heat,  resulting  in  a  hot  ceiling  and  a  cold  floor,  which  involves 
additional  fuel  for  no  greater  comfort.  Taken  on  the  whole,  the 
fact  remains,  that  very  many  residences  of  the  better  sort,  which 
this  class  includes,  must  get  along  with  the  same  amount  of  fuel 
for  a  season  that  had  been  proposed  in  New  York  as  the  limit  for 
one  month.  It  is  admitted,  that  many  householders  find  it  diffi- 
cult with  such  allowance  to  keep  up  even  the  reduced  heating  serv- 
ice, but  there  are  plenty  of  others,  who  had  never  been  using  more. 

The  second  class  covers  hot-water  apparatus  with  small  boilers 
in  kitchen  or  hall  and  all  the  piping  within  the  flat,  where  the  tenant 
must  provide  his  own  service.  This  type  of  equipment  is  to  be  put 
out  of  service  altogether  during  the  war,  except  where  the  installa- 
tion of  emergency  room  heaters  is  not  practicable.  This  measure 
is  due  to  the  coal-eating  record  of  these  installations,  which  is  ex- 
plained by  the  poor  efficiency  of  the  small  boilers  under  indifferent 
attendance  and  care,  the  exposed  piping  in  the  halls  and  interior 
location  of  radiators,  all  of  which  means  badly  placed  heat.  Con- 
sidering that  in  these  smaller  family  apartments,  only  one  or  two 
rooms  must  be  warmed  for  the  greater  part  of  the  season,  which 
service  can  be  accomplished  by  stoves  with  little  more  labor,  this 
temporary  condemnation  seems  more  or  less  justified,  although  the 
limitation  of  the  fuel  supply  might  have  secured  the  same  result. 

For  the  third  class,  the  one-family  private  houses  heated  from 
the  cellar  by  steam  or  hot-water  systems,  the  distribution  is  made 
on  the  basis  of  previous  consumption.  The  allowance  for  these 
houses  is  only  40  per  cent  of  the  normal  supply,  it  being  assumed, 
that  a  large  number  of  rooms  and  halls  can  be  shut  off.  In  so  far 
as  the  apparatus  is  put  out  of  service  and  individual  room  heaters 
used  instead,  the  allotment  will  be  based  on  the  number  of  rooms 
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and  persons  as  for  class  1.  Unfortunately  it  is  difficult  to  estab- 
lish previous  consumption  and  legitimate  requirement,  since  the 
capacity  of  the  apparatus  is  by  no  means  a  reliable  measure.  House 
owners  who  were  always  economical  now  receive  barely  enough 
fuel  to  keep  going,  while  those  making  the  bolder  claims  have  the 
advantage. 

The  same  applies  to  apartment  houses  heated  from  the  cellar,  but 
the  ratio  for  this  class  is  55  per  cent  of  the  previous  consumption. 
This  forces  the  owners  to  shut  off  risers  to  unimportant  rooms, 
halls,  etc.,  and  to  reduce  temperatures  and  sendee  hours,  but  to  a 
degree  that  varies  with  former  habits  rather  than  according  to  the 
real  needs.  This  has  been  recognized  in  other  towns,  where  allot- 
ments were  made  on  the  basis  of  rooms,  but  with  higher  limits  for 
classes  3  and  4,  which  cover  the  modern  steam  and  hot-water  heat- 
ing apparatus,  since,  after  all,  the  requirements  are  greater  than 
for  heating  by  stoves.  On  the  average  the  allowances  run  from 
0.3  to  0.5  tons  per  room  and  season  for  one-family  private  houses 
and  from  0.4  to  0.6  tons  for  apartment  houses,  the  first  figure  being 
the  rule.  Previous  consumption  is  also  ascertained  and  the  supply 
reduced  below  the  above  wherever  possible.  Thus  for  a  10-room 
sandstone  house  exposed  on  three  sides  the  writer  received  tickets 
for  2.5  tons  of  coke,  making  ^4  ton  per  room.  The  apparatus  is  a 
hot-water  system.  The  normal  consumption  was  3.5  tons  per  sea- 
son. In  case  it  were  decided  to  get  along  with  the  old  stoves,  which 
are  still  in  existence,  the  fuel  limit  would  be  reduced  to  less  than 
1.5  tons  per  season.  According  to  the  rule  suggested  at  the  Annual 
Meeting  of  the  Society  last  January,  however,  the  writer  would  be 
entitled  to  receive  15  tons  for  the  season. 

Naturally,  there  have  been  discussions  as  to  the  decidedly  greater 
fuel  consumption  shown  for  the  up-to-date  equipment.  Steam 
and  hot-water  fitting  for  residences  has  received  a  distinct  set-back, 
while  the  stove  business  is  booming.  The  difference  cannot  be 
accounted  for  by  lower  thermal  efficiency  of  the  apparatus  with  a 
central  fire  in  the  cellar.  It  is  mainly  due  to  greater  performance 
and  increased  comfort.  In  a  sense,  it  fits  a  higher  standard  of 
living,  although  this  would  not  be  admitted  by  many  who  would 
never  part  with  the  old-fashioned  tile  stove.  Another  factor  is  the 
character  of  the  buildings  fitted  with  modern  apparatus,  both  as  to 
construction  and  greater  proportion  of  the  space  that  must  be 
heated.  House  heating  from  a  central  source  as  a  method  cannot 
be  said  to  cause  waste,  but  there  is  no  question  that  in  many  cases 
such  apparatus  might  be  simplified  with  a  view  to  cutting  out  all 
unnecessary  expenditure  of  fuel. 

From  various  records  and  personal  experience  in  this  country  the 
legitimate,  normal  consumption  of  coal  for  residences  averages 
about  1/3  ton  per  1,000  cu.  ft.  of  actually  heated  space,  or  2/3  ton 
per  good  sized  room  of  2,000  cu.  ft.  Considering  that  not  all  of 
the  rooms  of  apartments  may  be  heated,  the  above  rations  of  0.3 
to  0.6  tons  per  room  are  not  unreasonably  low.  It  is  safe  to  say, 
that  most  of  the  owners  will  keep  within  that  allowance  this  coming 
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season,  if  only  on  account  of  the  cost.  The  present  price  of  coke 
of  about  11,000  to  12,000  B.  t.  u.  heating  value  is  over  $60,  i.  e.,  in 
Switzerland,  where  the  consumption  of  say  15  tons  for  10  rooms 
would  now  amount  to  over  $900  and  thus  would  leave  little  or 
nothing  for  other  household  expenses  in  many  a  family.  At  such 
a  price  it  might  seem  extravagant  even  to  Americans,  and  it  would 
be  worth  while  to  investigate,  whether  the  proposed  allowance  or 
limit  of  1.5  tons  per  room  is  excessive  for  conditions  obtaining  in 
New  York  and  vicinity.  The  difference  between  the  allotments  of 
less  than  5^  ton  here  and  1^  tons  for  the  corresponding  class  of 
American  residences  certainly  ought  to  be  explained  in  some  way. 

To  this  end  it  would  seem  proper  to  compute  the  average  coal 
consumption  per  1,000  cu.  ft.  of  space  as  resulting  from  American 
building  practice.  The  records  of  the  writer,  covering  a  large 
number  of  residences  in  the  United  States,  give  a  requirement  of 
approximately  5  B.t.u.  per  cu.  ft.  of  heated  space  for  city  residences, 
6  B.t.u.  for  suburban  brick  houses  and  7  B.t.u.  for  frame  houses. 
These  ratios  are  for  liberal  capacities,  allowing  for  natural  ventila- 
tion or  leakage,  but  not  for  indirect  heat.  Taking  the  mean  ratio  of 
6  B.t.u.  per  cu.  ft.,  the  coal  consumption  for  a  room  of  2,000  cu.  ft., 
according  to  the  well  recognized  formula  should  be  12,000  x  0.4 
X  16  X  200/8,500  =  ],800  lb.  =  0.82  tons.  Assuming  80  per  cent 
of  the  space  in  a  residence  to  be  actually  heated,  the  coal  consump- 
tion should  be  0.66  tons.  The  several  factors  of  the  calculation 
will  be  conceded  to  be  fairly  liberal.  The  12,000  B.t.u.  correspond 
to  about  45  sq.  ft.  of  steam  or  70  sq.  ft.  of  hot-water  radiation, 
which  will  heat  a  room  of  at  least  average  size  and  exposure.  The 
ratio  0.4  of  the  full  capacity  should  cover  the  mean  requirement  for 
the  season  in  view  of  the  fact  that  the  load  on  the  boiler  is  by  no 
means  proportional  to  the  temperature  difference.  The  heating 
begins  only  at  several  degrees  below  indoor  temperature  and  the 
line  of  increase  is  a  curve  depending  on  the  effect  of  indraught, 
which  is  accelerated  in  cold  weather.  The  heating  hours  are  about 
those  of  the  New  York  season.  The  8,500  B.t.u.  utilized  involve 
an  efficiency  of  65  to  70  per  cent  for  the  boiler  with  coal  of  12,000 
to  13.000  B.t.u.  thermal  value.  This  efficiency  may  not  be  reached 
now  in  the  majority  of  plants,  but  it  could  be  attained,  if  owners 
will  put  their  boilers  into  proper  condition,  make  the  necessary  im- 
provements and  pay  attention  to  the  service,  all  of  which  may 
reasonably  be  expected. 

It  should  be  evident  from  the  above  calculation,  that  2/3  tons 
per  good-sized  room,  or  1/3  ton  per  1,000  cu.  ft.,  is  about  the 
proper  average  consumption  for  normal  conditions.  Frame  houses, 
extreme  exposure,  lower  outdoor  temperatures  and  longer  season 
of  course,  require  correspondingly  more.  If  indoor  temperatures 
are  reduced  and  all  unnecessary  heat  is  shut  off,  the  consumption 
should  be  nearer  to  3/2  ton.  According  to  the  figures  brought  out 
by  several  members  at  the  last  Annual  Meeting  in  1918,  the  actual 
consumption  would  appear  to  be  between  1  and  2  tons  per  room, 
or  fully  twice  as  much  as  it  should  be.     This  large  discrepancy^ 
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as  far  as  it  really  exists — and  probaljly  it  does  to  a  great  extent — 
the  writer  would  ascribe  to  several  causes. 

The  first  to  suggest  itself  is  the  building  construction,  which  has 
repeatedly  been  shown  to  result  in  more  leakage  than  is  assumed 
in  calculations.  However,  it  would  explain  only  a  small  part  of  the 
difference  and  is  not  the  principal  reason,  w'hy  so  much  less  coal  is 
used  in  Switzerland.  The  double  sashes  prevailing  there  are  loosely 
fitted  and  the  single  sash  with  double  glass  leaks  as  much  as  the 
ordinary  window.  They  do  not  save  more  than  10  per  cent  on  the 
whole.  Many  houses  hereabouts  are  plastered  outside,  but  few  are 
built  with  air  spaces  and  terra-cotta  linings,  as  in  the  United  States. 
Taken  altogether,  American  building  construction  does  not  require 
much  more  for  heat  than  that  abroad,  but  probably  more  than 
most  engineers  now  figure.  Possibilities  for  improvement  w^ill  be 
found  in  every  home. 

A  second  item  that  increases  the  coal  bill  is  the  ventilation,  through 
windows  or  by  other  means.  It  should  not  be  discouraged,  except 
in  so  far  as  directly  induced  by  overheating,  which  had  better  be 

TABLE    2.     COMP.ARISOX    OF    TEMPER.ATURES    ACTUALLY    MAINTAINED 

IN    RESIDENCES 

Temperatures  in  New  York,  Temperatures  in  Zurich, 

deg.  fahr. deg.  fahr. 

Normal    heat    service                           Outside         Inside     Diff.  Outside         Inside  Diff. 

Extreme    temneratures     zero                70                70  —4                64.4  68.8 

Mean    for   the    season 40                  70                30  36                64.4  28.4 

do.     including    halls,    etc 40                  67                27*  36                60.8  24.8 

do.     regulated    to    suit 40                 63               23*  36               59  23* 

Reduced   war   service 

Mean    for   the    season 40                  65                25   ,  36                60.8  24.8 

do.     including    halls,    etc 40                 62               22*  26               53.6  17.6 

Unnecessary   heat  shut   off    .  .       40                  56               16*  36               52  16* 

•  Approximate. 

prevented.  When  limited  to  the  proper  time  and  place,  the  occa- 
sional airing  does  not  call  for  as  much  heat  on  the  whole  as  the 
natural  leakage,  which  is  going  on  day  and  night  and  severely  taxes 
the  heating  apparatus  in  cold  weather.  It  is  the  leakage,  which 
ought  to  be  stopped  wherever  possible.  Ventilation  should  be 
under  control  and  independent  of  heating,  since  less  is  required 
with  increasing  demand  for  heat. 

A  third  factor  lies  in  the  differences  of  temperature  actually  main- 
tained. For  residences  as  a  whole  this  is  a  matter  of  habit  and 
close  attention  to  the  heating  service.  The  possible  savings  are 
indicated  by  the  approximate  comparison  given  in  Table  2. 

These  figures  are  intended  to  show,  that  the  average  tempera- 
ture difference  kept  up  in  both  places  during  the  season  is  relatively 
small  and  may  be  reduced  to  a  considerable  extent  by  regulation  to 
suit  the  requirements  as  to  time  and  place,  by  carrying  reasonable 
temperatures  and  when  necessary  to  save  further,  by  shutting  off 
heat.  While  automatic  regulation  prevents  overheating,  it  cannot  be 
expected  to  meet  the  variable  demands,  which  it  will  pay  to  look 
after.  That  heat  ought  to  be  shut  off  or  reduced  at  night  as  early 
as    possible,    should   go    without    saying.      The    comparison    shows 


182  Transactions  of  Am.  Soc.  of  Heat.  &  Vent.  Engineers 

further,  that  for  the  same  temperature  difference  and  nearly  equal 
fuel  consumption  it  should  be  possible  to  maintain  higher  indoor 
temperature  in  New  York  and  to  give  such  service  as  people  could 
readily  become  accustomed  to.  Even  the  normal  temperatures  given 
above  for  a  city  in  Switzerland  represent  a  fair  standard  and  good 
conditions  for  work,  while  the  reduced  service  is  taken  as  a  war 
measure,  but  likely  to  induce  some  permanent  economies.  At  any 
rate,  it  should  be  evident,  that  considerable  extra  fuel  is  being 
used  in  the  United  States  because  the  heating  service  is  being  kept 
up  with  too  little  regard  for  actual  necessities. 

A  fourth  cause  of  waste  is  traceable  to  the  systems  of  heating. 
It  may  be  conceded,  that  a  well  designed  and  responsive  hot-water 
apparatus  offering  easy  and  full  range  of  central  regulation  and  the 
best  conditions  for  heat  generation  is  more  economical  for  domestic 
heating  than  the  prevailing  steam  heat  and  the  hot-air  furnace. 
Outside  of  the  individual  room  heaters  little  else  but  gravity  hot- 
water  systems  are  installed  in  Switzerland,  which  fact  by  itself 
probably  accounts  in  part  for  the  lower  fuel  consumption.  The 
system  of  heating  may  also  be  said  to  involve  waste,  where  indirect 
methods  are  used  without  particular  necessity,  as  for  instance  in 
suburban  residences.  The  extra  ventilation  is  not  needed  here  and 
its  choice  is  usually  a  concession  to  someone  who  does  not  like  the 
common  radiator.  In  as  much  as  indirect  heating  often  involves 
other  losses  besides  those  of  ventilation,  we  are  no  longer  justified 
in  sacrificing  fuel  for  the  sake  of  looks.  The  proper  way  would 
seem  to  lie  in  the  development  of  direct  radiation  to  meet  present 
objections.  These  are  due  to  the  manner  of  application  rather  than 
to  the  principle,  since,  after  all,  the  plain  radiator  is  the  simplest, 
cleanest  and  most  efficient  device,  when  applied  with  good  judg- 
ment. With  improved  designs  that  might  combine  utility  and 
ease  of  manufacture  with  pleasing  appearance,  it  can  be  made  to  fit 
all  reasonable  demands,  at  least  for  domestic  heating. 

A  fifth  source  of  at  least  partially  preventable  waste  is  the  com- 
paratively low  efficiency  of  boilers  and  furnaces.  According  to  pre- 
vailing opinion  only  about  half  of  the  fuel  burned  in  domestic  heaters 
to-day  is  actually  utilized.  There  are  good  reasons  for  saying,  that 
in  European  practice,  this  average  is  higher.  Boilers  have  always 
been  sold  on  the  basis  of  heating  (fire)  surface  and  are  more  con- 
servatively rated  in  consequence.  Flue  gases  generally  leave  at 
moderate  temperatures  and  red-hot  smoke  breechings  are  unheard 
of.  The  writer  is  aware  that  low  stack  temperature  in  itself  is  no 
proof  of  good  economy,  especially  when  caused  by  excess  of  air 
and  leakage.  But  it  is  a  fact  that  more  attention  is  being  paid  here 
to  air-tight  doors  and  settings,  because  the  regulation  of  the  draught 
by  the  ash  pit  door  depends  on  it.  Hence  it  is  safe  to  say,  that  the 
excess  of  air  is  smaller,  at  lower  stack  temperatures,  whereby  the 
principal  losses  through  the  chimney  are  surely  kept  down.  It 
it  probable,  that  the  boiler  efficiency  may  be  improved  in  most  of 
the  older  and  many  of  the  newer  plants  in  the  United  States,  if  they 


Discussion  of  Limiting  Fuel  for  Domestic  Heating  183 

are  thoroughly  looked  over,  settings  and  doors  are  made  tight, 
excessively  large  grates  are  blocked  off,  small  capacity  is  increased 
or  the  load  reduced,  and  everything  is  put  in  order  generally. 

These  five  points  probably  cover  the  principal  causes  of  waste, 
all  of  which  may  be  avoided  to  some  extent.  Building  construc- 
tion, old  and  new,  can  be  improved.  Ventilation  can  be  cut  down 
or  shut  off  where  not  needed.  The  application  of  heat  should  be 
brought  more  in  harmony  with  legitimate  needs  as  to  time  and 
place.  Heating  systems  could  be  corrected  or  changed  with  profit 
in  many  cases.  The  efficiency  of  boilers  could  be  raised  irrespective 
of  attendance.  All  of  this  may  be  useful  and  welcome  business  to 
the  profession  and  the  trade. 

Although  the  writer  may  claim  to  be  fairly  familiar  with  condi- 
tions, he  does  not  care  to  say  what  the  U.  S.  fuel  rations  ought  to  be. 
The  intention  was  merely  to  inform  the  membership  as  to  the  situa- 
tion elsewhere,  which  would  indicate  that  a  lower  limit  might  be 
possible  and  profitable  than  that  which  has  been  proposed  so  far. 


DISCUSSION 


Prof.  J.  R.  Allen  :  There  is  quite  a  distinct  difference  in  the 
amount  of  coal  used  in  various  sections  of  this  country  per  room. 
Just  at  the  present  time  we  are  having  in  Minneapolis  20  deg.  below 
zero,  yet  we  burn  less  coal  per  room  in  Minneapolis  than  in  Detroit, 
and  we  put  in  a  smaller  heating  apparatus  in  the  same  house  than  in 
Detroit.  At  the  present  time,  in  the  house  I  am  living  in,  we  are 
burning  about  half  a  ton  per  room.  The  reason  for  this  is  that  every 
house  is  covered  on  the  outside  with  about  an  inch  of  insulating  ma- 
terial, flaxolineum  or  some  similar  material,  and  every  window  has 
double  sash,  even  cellar  and  attic.  The  result  is,  in  a  colder  climate, 
we  have  a  lower  consumption,  a  smaller  heating  plant  than  they  do 
in  a  milder  climate.  This  is  a  question  that  should  be  more  con- 
sidered by  the  architects — the  question  of  building  proper  houses 
and  insulating  them  well — because  in  many  cases  the  money  spent 
on  the  insulation  would  be  less  than  the  money  spent  in  additional 
heating,  and  there  would  Ij€  a  material  saving  of  fuel  in  operating 
the  plant. 

M.  William  Ehrlich  :  Possibly  there  is  good  reason  for  these 
figures  of  low  coal  consumption.  It  would  seem  that  the  homes  of 
Switzerland  are  of  "tight"  construction  and  pretty  well  insulated, 
or  else  the  heating  apparatus  must  be  very  much  more  efficient  than 
American  equipment.  Then  again  the  attitufle  of  the  people  in  meet- 
ing a  war  condition,  their  "sense"  of  comfort,  and  combating  ex- 
cessive fuel  prices,  may  have  a  bearing  on  the  subject.  Take  the  case 
of  England  where  the  weather  is  unlike  the  American  conditions, 
though  the  latter  are  closely  approximated  by  conditions  in  Switzer- 
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land.  We  notice  that  a  ration  system  is  in  vogue  and  the  restric- 
tions placed  by  the  government  on  coal,  still  gives  an  allowance  of 
0.8  ton  per  room,  on  an  average,  as  compared  with  0.3  to  0.6  tons, 
as  mentioned  for  Switzerland. 


No.  516 

ENGINEERING  ECONOMICS  OF  HEATING 

By  M.  William  Ehrlich.  New  York.  N.  Y. 

Treats  of  a  neiu  lazv  based  on  the  theory  of  zveathcr 
control  over  heating  and  gives  its  practical  application  in 
prcdeterinining  coal  requirements  for  steam  and  hot 
ivater  heating  systems,  with  standards  for  graphically 
determining  radiation  requirements. 

AS  an  engineering  problem,  the  question  of  fuel  consumption 
is  a  permanent  institution  of  some  importance.  The  solu- 
tion of  this  problem  is  of  interest  to  all  concerned.  Consid- 
ering coal  required  for  heating  purposes  only,  this  paper  gives  an 
outline  of  the  theory  of  weather  control  over  heating.  The  missing 
factor  that  has  been  overlooked  or  neglected  in  contemporary  inves- 
tigations, is  embodied  in  a  simple  new  law  that  gives  results  that 
may  be  checked  in  practice.  The  presentment  is  based  on  ten 
years  of  personal  observation,  close  study  and  analysis  of  the 
many  elements  that  help  to  make  the  problem  complex.  In  the 
main,  actual  working  plants  for  which  corresponding  operating 
data  were  available,  form  the  basis  of  the  study  and  the  conclu- 
sions derived.  Office  buildings,  manufacturing  plants,  depart- 
ment stores,  apartment  houses  and  residences  located  in  different 
sections  of  the  country  furnished  the  information.  In  such  build- 
ings where  more  simple  and  complete  records  were  maintained,  the 
coal  consumption  was  easily  accounted  for,  and  comparisons  showed 
them  to  be  operating  with  relatively  good  economy.  Invariably  the 
installation  of  a  system  of  records  in  plants  not  so  provided  meant 
only  after  several  months  use  of  the  system,  a  reduction  in  the  coal 
consumed. 

My  study  convinced  me  that  it  is  not  fair  to  relate  coal  consum.p- 
tion  to  cubic  contents  of  the  building  heated.  Nor  does  a  relation 
of  coal  consumption  to  installed  heating  surface,  give  conclusive 
results.  If  one  class  of  building  were  considered,  all  operating 
under  similar  conditions,  a  straight  line  relation  might  be  estab- 
lished by  either  method,  but  the  results  would  not  apply  to  different 
conditions.  Still,  as  heating  is  a  known  process  that  follows  the 
same  law  in  all  instances,  so  there  must  be  a  fimdamental  relation 
that  exists  under  all  conditions. 

.  Following  this  thought,  the  fundamental  feature  was  uncovered 
in  the  course  of  time.  It  shows  that  the  economics  of  heating,  like 
any  other  phase  of  economics,  follows  a  natural  law.     The  human 
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element  modifies  this  somewhat,  but  the  weather  control  over  heat- 
ing is  the  most  important  factor,  as  will  be  shown.  Combining  the 
two,  all  figures  are  at  once  placed  on  an  empirical  basis  and  the  coal 
consumption  is  determined  by  this  new  condition.  Formulating 
this  theory  of  weather  control  over  heating  gives  a  method  for 
predetermining  the  coal  requirements  which  in  turn  becomes  a  stand- 
ard for  measuring  the  relative  fuel  economy  of  any  heating  plant 
having  a  steam  or  hot  water  installation. 

DEVELOPMENT   OF   THE   THEORY 

In  dealing  with  owners  and  managers  of  heating  plants,  it  becomes 
immediately  clear  that  their  main  concern  is  with  the  coal  bill.  Is 
the  coal  bill  really  high?  This  question  can  be  answered  for  every 
particular  condition.  The  probable  coal  requirements  for  the  serv- 
ice, however,  must  first  be  known  in  order  to  establish  a  relation. 

TABLE  1.     MONTHLY  DIVISION  OF  HEATING  SEASON  IN  SOME 

STATES 

Note. — Figures  are  percentages  of  the   total   for  the   season    which   is   100%. 

Month New  York     Michigan       Penn.         Ohio      Missouri 

October    3% 

November    7 

Decenrber    15 

January    25 

February   22 

March    20 

April     5 

May    3 

TABLE  2.     AVERAGE    HEATING    REQUIREMENTS    IN    VARIOUS 

CITIES 

Note. — Figures    given    arc    iicrcentages    of    niaxinium    conditions. 

Boston    47%      New   York    42';'{; 

Columbus     47  Philadelphia    41 

Detroit    50         St.  Louis   36 

The  advantage  of  predetermining  the  coal  consumption  is,  there- 
fore, obvious.    And  here  is  where  the  weather  control  has  its  sway. 

The  first  definite  result  of  this  study  that  materialized,  is  shown 
in  Tables  1  and  2  which  were  published  in  Lefax  during  June, 
J!) 1 4.  The  figures  given  are  based  on  a  few  actual  instances  in 
cities  of  the  various  states  named.  Because  some  of  the  heating 
jilants  were  operated  intermittently  for  short  periods  in  May,  all 
the  figures  in  Table  1  were  brought  down  to  the  same  basis.  These 
show  that  the  coal  requirements  for  the  different  months  of  the 
heating  season  vary  with  the  weather  conditions  of  the  correspond- 
ing periods.  The  figures  may  also  be  used  in  determining  the  steam 
requirements.  Thus  in  New  York  7  per  cent  of  the  total  steam  or 
coal  consumption  takes  place  in  November,  while  January  repre- 
sents 25  per  cent  of  the  total. 

In  Table  2  are  given  figures  for  the  corrcsj^onding  j)lants  that 
show  what  percentages  of  the  maximum  conditions  the  entire  season 
represents.  Say  that  the  maximum  condition  requires  O.-l  lb.  of 
steam  per  hour  per  square  foot  of  radiation ;  now,  in  a  plant  oper- 
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ating  1000  hours  during  the  lieating  season,  this  would  mean  a 
maximum  possible  requirement  of  J<?00  lb.  of  steam.  But  accord- 
ing to  the  tabulation  only  43  per  cent  of  this  would  be  used  under 
New  York  weather  conditions.  Therefore,  1  sq.  ft.  of  direct  steam 
radiation  would  consume  only  504  lb.  of  steam  during  the  heating 
season.     The  same  reasoning  applies  to  coal  consumption. 

This  formula  with  its  factors  was  the  first  step  in  recognizing 
development  which  proved  that  the  weather  is  the  control  over 
heating  requirements.  Combining  this  with  more  and  later  infor- 
mation, resulted  in  the  formula  and  figures  given  in  Table  3  which 
appeared  in  the  March  5,  1918,  issue  of  Power.    According  to  these, 
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100  sq.  ft.  of  direct  steam  radiation  used  in  New  York  City  for  a 
season  of  4000  hours,  would  consume  3.13  tons  of  hard  coal.  By 
the  same  method  it  is  found  that  a  heating  system  in  Boston  oper- 
ating say  3,000  hours  during  the  season  would  consume  only  2.o~) 
tons  anthracite  coal  per  100  sq.  ft.  direct  steam  radiation. 

TABLE  3.     FIRST  FORMUL.A.  FOR  COAL  REQUIREMEXTS 
Tons  coal  required      ^    Sq.  ft.  Radiation  X  Hours  X  f 
for  heating  season  10.000.000 

V.\LUE  OF   F.\CT0R   "f" 

Hard  Coal        Soft  Coal 

Boston,  Mass 85  80 

Columbus,  Ohio 84  78 

Detroit,  Mich 89  S3 

New  York,  N.  Y 78  73 

Philadelphia,   Pa 75  70 

St.  Louis,  Mo • 64  60 
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This  formula  with  its  factors  was  the  first  step  that  recognized 
the  importance  of  accounting  for  the  weather  conditions  as  well 
as  the  hours  the  ])lant  operates  during  the  heating  season. 

However,  this  form  of  computation  with  its  involved  factors,  is 
not  for  the  use  of  the  layman,  so,  when  recent  conditions  warranted 
it,  the  chart  shown  in  Fig.  1  was  prepared  for  the  use  of  the  mechan- 
ics and  tradesmen  in  the  heating  field.  It  was  published  in  the 
Metal  Worker  for  August  30,  1918 ;  appeared  in  similar  form  in  a 
discussion  in  the  Society  Journal  for  October,  1918,  and  received 
further  publicity  through  some  daily  newspapers.  This  chart  was 
intended  as  a  guide  to  show  the  probable  coal  requirements  of 
dififerent  classes  of  residences,  and  gives  only  a  very  general  appor- 
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tionment  of  coal  on  the  basis  of  tlie  number  of  rooms  in  the  house. 
Class  1  represents  the  ordinary  suburban  or  so-called  country  style 
detached  house.  Houses  built  in  ])locks  or  of  the  semi-detached  type 
are  placed  in  Class  2.  No  house,  as  a  whole,  is  placed  in  Class  .'3 
except  in  special  cases,  the  classes  referring  to  the  curves  of  Fig. 
1.  A  house  having  a  large  glass  surface,  or  one  that  is  very  much 
exposed  to  the  weather,  may  have  one  or  two  of  its  coldest  rooms 
placed  in  Class  ;>,  but  the  rest  of  the  house  remains  in  Class  1  or  'I 
as  the  case  may  require.  A  typical  ten  room  house  that  has  three 
really  cold  rooms  and  seven  average  rooms  would  be  given  12)4 
tons  according  to  the  diagram.  But  a  ten  room  house  in  a  block 
well  built-in,  would  be  allowed  only  8  tons  of  coal.  Judgment  and 
experience  is,  of  course,  required  in  the  use  of  these  figures. 

At  that  time,  too  much  publicity  could  not  be  given  to  the  eco- 
nomics of  the  coal  question.     So  for  the  apartment  house  manager, 


Engineering  Economics  of  Heating,  M.  W.  Ehrlich 


189 


a  closer  set  of  figures  was  developed  along  the  basis  of  weather 
conditions  and  an  average  number  of  hours  operation,  and  these 
were  published  in  the  New  York  Herald,  September  22,  1918.  From 
these  figures  the  diagram  Fig.  2  was  plotted  for  New  York  apart- 
ment houses.  This  shows,  for  example,  that  an  installation  of  3000 
sq.  ft  direct  steam  radiation  would  require  69  tons  of  coal  which 
is  3.3  tons  per  100  sq.  ft.  for  the  heating  season. 

These  developments  in  combination  with  more  figures  of  actual 
coal  consumption  showed  that  a  definite  relation  must  exist  between 
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them  and  the  weather  variations  of  the  locality.  Further  concen- 
trated study  and  deeper  analysis  of  all  the  factors  that  enter  into 
the  problem  proved  this  contention  well  founded. 


EFFECT   OF   WEATHER    CONTROL 

The  result  shows  that  for  an  equitable  basis  of  computation  or 
even  comparison  of  the  coal  consumption  for  heating  systems,  the 
weather  conditions  and  hours  of  operation,  at  least,  must  be  known. 
Any  other  methods  or  even  so-called  "comparisons"  of  different 
installations  are  erroneous  as  well  as  misleading.  In  Fig.  3  this 
fact  is  shown  up  clearly. 

Diagram  A  of  this  illustration  gives  a  few  scattered  instances  of 
actual  records  of  coal  consumption  in  commercial  buildings  located 
in  New  York  and  in  Chicago.  For  the  given  sizes  of  installa- 
tions the  coal  consumi)tion  is  given  for  100  sq.  ft.  steam  radiation 
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for  the  season.  Some  of  the  buildings  used  soft  coal  and  others 
hard  coal.  The  conditions  as  plotted  are  certainly  unrelated.  They 
show  the  futility  of  comparing  figures  on  coal  consumption  found 
in  buildings  of  diflerent  localities,  particularly  so  when  the  hours 
of  operation  are  not  known  in  any  of  the  cases  involved. 

Diagram  B  of  Fig.  3  illustrates  this  fact  as  regards  the  hours 
of  operation  that  make  up  the  individual  plant  heating  season.  For 
one  weather  condition  as  illustrated,  the  variations  in  coal  consump- 
tion will  take  the  general  line  of  a  smooth  curve. 

In  diagram  C  is  illustrated  the  necessity  of  knowing  the  weather 
condition,  which  is  denoted  by  the  percent  demand  as  related  to  the 
requirement  under  maximum  conditions.  For  one  stipulated  oper- 
ating period,  the  differences  in  coal  consumption  will  bear  a  definite 
relation,  as  indicated. 

TABLE  4.     ACTUAL   COAL   CONSUMPTION    IN   AVERAGE   HEAT- 
ING PLANTS  WITH   OPERATING  DATA  AND 
WEATHER    CONDITIONS    STATED 
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The  coal  requirements  as  jilottcd  in  the  three  diagrams  of  Fig.  3 
should  not  be  compared  as  to  definite  values  or  tons  required  per 
season.  While  B  is  for  a  given  weather  condition,  the  correspond- 
ing percent  demand  is  not  stated.  The  same  is  true  of  C,  which 
does  not  specify  the  hours  in  tlie  heating  season.  These  diagrams, 
however,  serve  a  very  useful  puri)osc  in  showing  why  there  is 
such  great  variation  in  the  instances  plotted  in  A. 

These  facts  are  again  brought  to  light  by  the  records  of  several 
heating  installations  given  in  Table  4.  Each  has  a  different  class 
of  occupancy  and  has  different  operating  characteristics  as  well  as 
weather  conditions.  The  figures  will  be  more  readily  understood 
by  a  study  of  the  facts  ]ircscnted  hereafter. 

Relating  the  coal  consumption  to  the  radiation  installed,  the  tabu- 
lation shows  that  in  Building  No.  9,  only  LG  tons  of  coal  were  used, 
while  in  Building  No.  .'>  the  consumption  was  3.3  tons  per  sq.  ft. 
for  the  season.  This  discrepancy  of  100  per  cent  apparently  can- 
not be  accounted  for  except  perhaps  by  charging  it  to  poor  economy. 
Is  this  actually  the  case?     Hardly,  as  may  be  deduced  from  the 
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data  presented.  The  reason  is  embodied  in  the  hours  of  operation 
and  the  weather  control. 

The  figures  presented,  however,  point  out  that  the  true  relation, 
as  shown  by  weather  control,  is  the  coal  required  for  1  sq.  ft.  radi- 
ation operating  for  1  hr.  at  1  per  cent  demand. 

To  emphasize  the  importance  of  this  simple  new  law,  the  diagram 
Fig.  i  has  been  constructed  from  the  figures  given  in  Table  4. 
The  records  shown  by  solid  black  triangles  suggest  that  there  is 
a  wide  divergence  in  the  use  of  coal  by  heating  systems — only 
because  the  radiation  alone  is  considered.  And  combined  with  the 
top  scale  of  this  diagram  points  out  that  when  the  real  factors  of 
operation  and  demand  on  the  system  are  used  with  relation  to  the 
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FIG.  4.     COAL  REQUIREMENTS  IX  AVERAGE  PLANTS 

coal  consumption,  then  there  is  a  visible  reason  for  one  building 
requiring  a  greater  coal  tonnage  to  give  adequate  heating  service 
than  another  building  of  similar  characteristics. 

These  features  are  in  part  an  explanation  of  the  basis  used  in 
formulating  the  master  chart  shown  as  Fig.  8.  The  remaining 
portion  is  made  up  of  the  personal  factor  as  found  in  numerous 
actual  plants  that  are  considered  to  be  operated  with  a  commer- 
cially satisfactory  degree  of  economy,  as  found  by  comparing  theo- 
retical requirements  with  actual  usage,  when  related  to  the  weather 
control  over  heating. 


AVERAGE  WEATHER  CONDITIONS 

With  these  features  in  mind,  the  way  is  paved  for  carefully  con- 
sidering the  details  of  weather  control  over  heating  and  coal  re- 
quirements. In  the  first  place,  it  is  the  outdoor  temperature  varia- 
tion during  the  day  that  makes  heating  necessary.  Secondly,  while 
the  outdoor  temperature  fluctuates,  a  nearly  constant  temperature 
is  maintained  indoors.  Therefore,  as  temperature  differences  are 
the  measure  of  heating  work,  it  follows  that  the  coal  consumption 
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runs  practically  parallel  to  these   for  a  heatin<;  .system  of  any  size 
operating  any  number  of  hours. 

The  heating  season  has  a  duration  equal  to  seven  months,  more 
or  less,  (lei)en(ling  on  the  weather  conditions  of  a  locality.  When 
the  heating  system  is  tirst  proportioned  the  nominal  low  tempera- 
ture is  taken  as  a  basis.  In  New  York  -lo  deg.  has  been  reached, 
but  only  zero  weather  is  considered.  Therefore,  whatever  the 
temperature  range  for  a  given  building,  that  difference  is  consid- 
ered the  maximum  designed  heating  condition.  Zero  weather  and 
70  deg.  indoors  is  a  common  standard  for  New  York  City  and  it 
therefore  represents  maximum  conditions  for  the  locality. 
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This  maximum  however,  obtains  for  only  two  or  three  hours  at 
a  time,  during  different  days,  averaging  a  total  of  eight  to  ten 
hours  duration  in  a  heating  season  having  a  possible  5000  hours. 
Records  extending  over  33  years  show  this  to  be  a  fair  average, 
liven  during  the  exceptional  cold  s])ell  of  the  1917-18  season  when 
thirteen  below  zero  was  recorded,  the  total  gives  only  95  hours  of 
zero  and  below.  And  this  extreme  established  a  record  over  at 
least  45  years,  the  previous  record  being  only  six  below  zero ;  some 
years  zero  is  not  even  reached  in  New  York.  These  figures  are 
mentioned  to  show  that  it  becomes  necessary  to  deal  with  averages. 

What  may  be  expected  in  outdoor  weather  on  a  severe  or  zero 
day  is  shown  in  Fig.  5.  The  hourly  temperature  variations  rec- 
orded, indicate  that  zero  usually  occurs  during  the  night.  Then  if 
zero  be  the  established  maximum  heating  tax,  it  follows  that  with 
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a  nearly  fixed  temperature  indoors  the  tax  on  the  system  is  highest 
when  the  outside  temperature  is  lowest,  and  vice-versa. 

The  maximum  demand  for  heat,  therefore,  is  shown  to  obtain 
only  for  very  short  periods.  The  average  requirements  for  New 
York  and  similar  localities  are  shown  more  clearly  in  Fig.  6. 
Typical  fluctuations  in  outdoor  temperature  are  recorded  as  during 
a  day  in  the  coldest  and  zvarnicst  month  and  the  average  for 
the  season.  A  cold  or  zero  day  is  added  for  comparison.  The 
scale  at  the  left  gives  the  temperature  and  the  right  hand  scale  gives 
the  corresponding  tax  on  the  heating  system.  This  demonstrates 
why  the  tax  on  the  boiler,  or  the  amount  of  coal  and  steam  used, 
is  a  proportionate  variable  of  the  outdoor  temperature  fluctuations. 
The  relation  is  always  between  the  prevailing  temperatures  and  the 
maximum  condition  for  which  the  heating  system  was  designed. 
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I'he  average  variations  from  day  to  day  give,  of  course,  a  monthly 
average  temperature  and  this  in  turn  gives  the  corresponding  aver- 
age demand  for  the  month.  In  Fig.  7  are  plotted  the  daily  fluc- 
tuations for  January  1916  in  New  York  City.  This  diagram  first 
appeared  in  Power  Plant  Engineering  for  September  1,  1918.  The 
average  for  the  month  as  shown  was  about  35  deg.,  while  the 
average  of  minimum  temperatures  was  28  deg.  and  of  maxima, 
43  deg.  During  the  month  the  lowest  temperature  observed  was  7 
deg.  while  the  highest  was  6G  deg.  The  average  for  the  same 
month  over  a  period  of  45  years  is  31  deg.  For  the  entire  New 
York  season  the  average  over  33  years  is  40.1  deg.,  while  the 
1917-18  heating  season  with  its  record  low  temperatures  showed 
an  average  of  38  deg.  These  figures  are  mentioned  to  show  how 
well  the  averages  referred  to  may  be  used  with  confidence. 
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What  these  averages  are,  for  different  localities,  has  been  com- 
piled from  the  records  of  the  Weather  Bureau,  and  is  presented 
in  Table  5.  The  lowest  observed,  which  is  the  extreme  minimum 
temperature,  is  given  in  the  first  column,  while  the  averages  for  the 
seven  months  of  the  heating  season  make  up  the  body  of  the  tabu- 
lation. The  computed  average  for  the  season  is  given  in  the  last 
column. 

This  tabulation  wnll  serve  as  a  basis  for  determining  the  relative 
requirements  and  tax  on  the  heating  system  in  different  cities,  with 
the  aid  of  the  formula  herewith.     In  computing  the  percent  demand 

It  — Ot 
=1  Percent  demand . 


where  It    =:  inside  room  temperature. 

Ot  :=  prevailing  outdoor  temperature. 

M,i  :=  maximum  temperature  difference  used  in  design. 

in  this  manner,  it  is  important  that  the  temperatures  considered 
correspond  to  the  conditions  in  that  period  of  operation  or  else 
misleading  results  will  be  obtained.  This  means  that  the  percent 
demand  may  be  for  a  day,  a  week,  a  month,  or  the  entire  season, 
so  care  must  be  exercised  in  values  for  the  letters  in  the  formula. 

Another  step  in  which  the  tabulation  of  outdoor  temperature 
will  be  found  useful,  is  in  the  determination  of  the  division  of  the 
heating  season.     The   formula  in   Table   6   must  be  used   in  this 

TABLE  5.     AVERAGE  MONTHLY  OUTDOOR  TEMPERATURE  FOR 

33-YEAR  PERIOD 

(Does  not  include  cold  snap  of  1917-18  season) 

Lowest         ,,      ,  ,  .              „  Aver. 
Locality              observed        Month  and  Average  Temperatures  of  sea- 
temp.  Oct.  Nov.  Dec.  Jan.  Feb.  Mar.   Apr.  son 

Albany,  N.  Y -24  50  38  28  22  24  32  46  34.3 

Amarillo,   Texas    ....  -16  56  44  36  34  37  45  55  43.9 

Atlanta,   Ga S  62  52  45  42  45  52  61  51.3 

Bismarck,  N.  D -44  44  26  15  7  8  22  43  23.6 

Boise,  Idaho   -28  50  40  32  29  34  42  50  39.6 

Boston,  Mass -13  52  41  32  27  28  35  45  37.1 

Chicago,   111 -23  53  39  29  24  25  34  46  35.7 

Cleveland,    Ohio    ....  -17  53  40  31  26  27  34  46  36.7 

Des  Moines,   Iowa   ..  -30  52  37  26  20  24  36  51  35.1 

Green  Bay,  Wis -36  47  32  21  15  17  27  41  28.6 

Harrisburg,    Pa -14  54  42  33  29  30  38  51  39.6 

Indianapolis,  Ind.    ...  -25  55  42  33  28  31  40  52  40.1 

Kansas  City,  Mo.   ...  -22  56  42  32  26  30  41  54  40.1 

Knoxville,  Tenn -16  58  47  40  38  41  48  57  47.0 

Little   Rock.   Ark -12  63  52  44  41  44  53  63  51.4 

Louisville,  Ky -20  58  46  38  34  37  45  56  44.8 

New  Orleans,  La.   . . .       7  70  61  54  53  56  62  68  60.5 

New   York,   N.   Y....     -6  56  44  34  30  31  38  48  40.1 

Oswego,  N.  Y -23  51  39  29  24  24  31  43  34.4 

Port  Huron,  Mich.   ..  -25  50  37  27  22  22  30  42  32.9 

Portland,    Ore -2  53  46  41  39  41  46  51  45.3 

St.  Paul,  Minn -41  48  31  19  12  15  28  46  284 

Salt  Lake   City,   Utah  -20  52  40  32  29  33  41  50  39.6 

Washington,  D.  C.   ..  -15  57  45  36  33  34  42  53  42.9 
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FIG.    8.     STANDARD    FOR    DETERMINING    COAL    REQUIREMENTS 

For    all    classes    of    buildings    with    steam    and    hot    water    heating    systems    under    any 
condition   of    weather    and    operation. 

connection.  As  shown  in  the  example,  it  cdn  be  easily  determined 
what  part  of  the  total  steam  and  coal  requirements  is  represented 
by  each  month  of  the  season. 

PREDETERMINING  COAL  REQUIREMENTS 

With  this  relation  of  weather  to  demand  and  coal  consumption 
established,  the  figures  have  been  assimilated  with  records  of  actual 
operation.     The  result  is  the  master  chart  in  Fig.  8.     With  its  aid 


TABLE  6.     DIVISION  OF  HEATING  SEASON 

Steam  and  coal  requirements  for  different  months  of  the  season,  given  as  a  percent  or 
the  total. 
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where  It  =  inside  room  temperature 

Ot  =  prevailing  outdoor  temperature. 
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FIG.    9.     STANDARD    FOR    DETERMINING   THE    AMOUNT    OF    RADIATION 
REQUIRED  IN  A  BUILDING 
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coal  requirements  for  steam  and  hot  water  heating  systems  for  any 
weather  conditions  in  any  locality  for  any  number  of  hours  oper- 
ation, may  be  determined  graphically.  No  calculations  are  necessary 
and  nothing  remains  to  be  assumed.  The  results  it  gives  closely 
approximate  actual  conditions  of  fair  operation  because  the  human 
factor  and  other  variables  have  been  taken  into  account.  A  fair 
quality  or  grade  of  coal  commercially  clean  is  considered.  The 
aim  has  been  for  a  fair  average  value  that  represents  a  minimum 
of  waste  in  the  use  of  fuel  for  heating  purposes.  Therefore,  a 
building  using  more  coal  than  shown  by  the  chart  for  that  condi- 
tion is  assumed  to  Ije  wasting  good  fuel  unnecessarily. 

The  chart  is  primarily  based  on  steam  heating.  Hot  water 
systems  have  been  added  on  the  basis  that  1.6  sq.  ft.  hot  water 
radiation  is  required  to  give  the  same  results  as  1  sq.  ft.  steam 
surface.  But  hot  water  installations  are  more  easily  controlled, 
giving  better  coal  economy,  so  this  factor  has  been  included. 

The  chart  also  shows  that  there  may  be  a  slight  gain  in  economy 
by  the  use  of  biturninous  coal  as  against  anthracite.  However,  the 
practical  saving  is  not  so  great  as  relative  heating  values  of  the 
coals  would  indicate.  This  is  due  to  the  nature  of  soft  coal  and 
the  way  it  is  usually  cared  for  on  the  grates  under  the  boilers. 
There  is  some  advantage  to  be  gained  though  in  having  boilers 
suitable  for  either  fuel.  Then  the  coal  market  will  show  whether 
to  favor  one  grade  or  the  other.  Whichever  is  the  lower  priced, 
that  is  the  coal  to  use — if  it  is  obtainable. 

STANDARDS  FOR  RADIATIOX 

The  question  may  be  raised  as  to  what  is  meant  by  a  square 
foot  of  direct  radiation,  as  this  factor  is  included  in  the  solution 
of  the  coal  problem  by  weather  control.  A  query  of  this  nature  is 
well  founded,  for  there  is  important  need  for  deciding  on  standard 
coefficients  of  heat  transmission  through  building  materials,  as  evi- 
denced by  the  discussion  in  the  October,  1916,  issue  of  the  Journal 
(page  9T).  There  it  was  shown  that  on  a  simple  problem  of  pro- 
portioning radiation  for  an  office  the  answers  varied  so  widely  that 
one  engineer  would  provide  234  sq.  ft.  radiation  while  another 
would  install  343  sq.  ft.  to  do  the  same  heating. 

Naturally,  such  an  important  factor  could  not  be  overlooked  in 
formulating  the  master  chart  for  it  is  one  of  the  important  com- 
ponents. It  was  found  in  many  of  the  buildings  considered  that 
variation  in  radiation  for  a  given  wall  and  glass  exposure,  was 
not  so  great  as  the  foregoing  illustration  would  indicate.  Still, 
some  systems  did  vary  widely  from  others,  especially  for  small 
portions  of  the  buildings,  though  the  total  radiation  would  tally 
near  enough  on  the  average.  The  radiations  installed  in  these 
different  cases  were  all  plotted  and  in  that  way  were  lined  up. 
In  such  cases  where  the  data  would  not  line  up,  then  the  radiation 
was  reduced  to  an  equivalent  heating  surface  corresponding  to 
the  figures  shown  in  Fig.  9.  All  installations  were  checked  against 
these  values  so  that  a  square  foot  of  radiation  would  mean  the 
same  in  everv  case. 
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The  chart,  Fig.  9,  gives  a  simple  and  rapid  method  of  determining 
the  radiation  required  for  adequately  heating  a  building.  Knowing 
the  material  that  is  used  in  the  building  construction,  and  the  net 
surface  it  exposes,  it  is  only  necessary  to  connect  these  values,  on 
scales  A  and  B,  with  a  straight-edge  and  read  the  answer  on  scale 
C  for  either  steam  or  hot  water  radiation.  The  cubic  contents  as 
well  as  other  exposed  surfaces,  are  figured  in  the  same  way,  and 
the  values  found  are  added  to  give  the  total  radiation  for  a  given 
condition.     The   illustration   shows   that   for  a   16   in.   brick   wall 


Months  of  Hea+ing  Season 

riG.     10.       MONTHLY     COAL     REQUIRE- 
MENTS   AND    TAX    ON    BOILER    CAP- 
ACITY   TO    MEET    CHICAGO 
WEATHER   CONDITIONS 

exposing  190  sq.  ft.  to  the  weather,  13  sq.  ft.  of  steam  radiation 
or  21  sq.  ft.  hot  water  surface  must  be  provided. 


PRACTICAL   APPLICATION   OF   THE    METHOD 

Now  that  the  various  points  involved  have  been  touched  on,  it 
is  well  to  understand  how  these  items  are  interwoven  in  obtaining 
practical  results  on  the  basis  of  weather  control  over  heating.  An 
example  should  serve  the  purpose. 

Take  a  system  having  2000  sq.  ft.  direct  steam  radiation  located 
in  weather  conditions  giving  a  demand  of  40  per  cent.  The  hours 
of  operation  or  the  period  during  which  steam  is  turned  on  during 
the  season  is  3800  hours  in  this  plant.  The  problem  is  to  find  how 
much  coal  such  heating  plant  would  require  to  meet  the  given  oper- 
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ating  conditions.  This  is  simply  solved  by  connecting  the  known 
values  with  straight  lines,  as  shown  in  Fig.  8.  The  answer  found 
is  50  tons  of  anthracite  or  48  tons  bituminous  coal.  This  means 
that  the  particular  plant  considered  should  use  not  more  than  2.5 
tons  of  hard  coal  nor  more  than  2.4  tons  of  soft  coal  per  100  sq.  ft. 
radiation  during  the  season.  The  same  total  results  would  be  ob- 
tained for  a  hot  water  system  of  about  3400  sq.  ft.  radiation  opei- 
ating  under  the  same  conditions.  The  rate  per  100  sq.  ft.  hot  water 
radiation  for  the  season  would  then  be  1.41  tons  soft  coal  and  1.47 
tons  anthracite. 
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FIG.        11.         BOILER        CAPACITY 
UTILIZED   OR  TAX   OX   HEAT- 
ING   SYSTEM    DURING    THE 
SEASON— CHICAGO 
CONDITIONS 


The  considerations  named  apply  even  in  the  case  of  a  combined 
heating  and  steam  power  plant.  The  amount  of  coal  remains  as 
given  for  the  heating  service.  This  subtracted  from  the  total  coal 
consumption  of  the  plant  and  its  equivalent  gives  a  remaining  quan- 
tity that  shows  the  other  useful  service  the  coal  has  performed.  If 
this  figure  is  too  high  for  the  power  load  carried,  some  preventable 
loss  probably  exists  and  some  action  should  follow  to  restore 
economy. 

For  a  monthly  check  in  operating  conditions  to  keep  the  coal 
bills  at  an  equitable  level,  it  is  well  to  plot  a  load  curve  for  that 
particular  plant.  The  predetermined  figures  it  gives  serve  as  a 
check  against  waste  and  at  the  same  time  show  the  future  require- 
ments. Such  curve  may  be  easily  constructed  with  the  aid  of  the 
information  presented.  The  average  weather  conditions  are  taken 
from  the  tabulation,  the  indoor  temperature  is  that  maintained  in 
the  building  while  the  division  of  the  season  and  the  percent  demand 
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are  obtained  by  the  formulas.  These  figures  will  all  be  a  percent 
of  the  total,  and  that  total  is  in  turn  determined  by  the  use  of  the 
master  chart. 

To  illustrate  this,  Fig.  10  has  been  prepared  for  Chicago  condi- 
tions. To  emphasize  the  fact  that  the  heating  system  is  not  taxed 
to  full  capacity,  the  percent  demand  has  been  replotted  in  Fig.  11, 
showing  more  clearly  that  only  a  part  of  the  maximum  is  utilized 
under  the  averages  that  prevail  during  the  heating  season. 

This,  then,  is  the  story  of  weather  control  over  heating  opera- 
tions. It  is  an  attempt  to  formulate  standards  that  are  needed  by 
the  heating  engineer.  Of  course  wider  experience  with  many  more 
building  conditions  will  help  to  check  or  modify  the  factors  included. 
However,  the  main  thought  or  idea  here  expressed,  may  prove 
novel  in  bringing  out  a  definite  relation  between  outside  tempera- 
ture fluctuations  and  the  work  of  a  heating  system.  A  desire  for 
more  accurately  and  more  rapidly  solving  everyday  problems  of 
plant  economy,  combined  with  a  leaning  toward  analysis,  has  re- 
sulted in  this  work.    And — it  checks  with  practice  to  a  close  degree. 


DISCUSSION 

Prof.  J.  R.  Allen  :  I  notice  in  the  table  that  during  the  month 
of  October  you  give  8  per  cent  for  heating  in  Pennsylvania,  while 
in  New  York  only  3  per  cent.     How  do  you  account  for  that? 

The  Author:  Adding  the  column  of  figures  in  the  table  shows 
that  8  per  cent  is  correct.  However,  as  explained  in  the  text,  this 
tabulation  was  the  very  first  development  in  the  application  of  the 
theory  of  weather  control  and  the  figures  represent  the  records  of 
actual  conditions  of  cases  taken  in  Pennsylvania  and  in  New  York. 
They  are  not  the  result  of  the  application  of  my  theory. 

The  President:  What  is  aimed  at  here  is  something  that  con- 
fronts us  right  along;  that  is,  what  is  the  average  heating  season 
and  what  is  the  average  heat  that  is  required  in  a  system  and  so  on. 
A  very  interesting  point  is  the  source  of  the  information  from  which 
these  factors  are  derived,  and  what  quantities  were  used  in  deter- 
mining it.  Sometimes  we  are  upset  by  having  two  or  three  from 
one  place  and  two  or  three  from  another;  whereas  if  we  had  two  or 
three  hundred  from  one  place  and  two  or  three  hundred  from  an- 
other we  would  get  an  altogether  dififerent  conclusion. 

I  think  it  would  be  interesting  to  hear  from  Mr.  Ehrlich  as  to  what 
is  the  scope  of  it  and  the  source  from  which  some  of  this  data 
was  received. 

The  Author  :  I  want  to  make  it  clear  that  a  new  law  is  being 
propounded.  If  that  law  be  assumed  correct,  then  it  is  only  neces- 
sary to  check  it  against  actual  practice,  or  still  better,  prove  it  by 
practical  application.  Therefore  the  number  of  cases  considered 
in  this  study  would  not  go  far  toward  the  desired  result  because 
the  basis  is  not  an  average  coal  consumption,  but  rather  a  rule  that 
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gives  the  possible  coal  requirement  for  stated  operating  conditions. 
However,  possibly  two  hundred  actual  cases  from  different  sections 
of  the  country  were  analyzed  and  the  data  were  used  in  checking 
the  theory.  Perhaps  a  reference  to  page  189,  Fig.  3,  will  make  this 
point  clear.  In  diagram  A  are  a  few  records  of  actual  coal  quan- 
tities used  in  different  places.  They  are  related  to  radiation  in- 
stalled or  the  size  of  the  plant.  In  one  case  the  consumption  was 
one  ton  per  100  sq.  ft.  for  the  season,  while  in  another  case  it 
ran  as  high  as  4  and  in  a  third  instance  pretty  close  to  7  tons.  I 
maintain  that  these  cases  are  neither  economical  nor  extravagant, 
but  that  there  must  be  a  reason  for  the  large  dift"erence. 

In  trying  to  find  the  reason  why  one  is  high  and  the  other  is  low,  I 
apply  the  theory  that  the  weather  control  is  a  big  factor,  and  the 
results  line  up  as  in  diagrams  B  and  C  of  the  same  Fig.  3,  showing 
that  when  you  take  the  number  of  hours  into  consideration,  as  in  B, 
and  the  variable  of  relation  of  inside  to  outside  weather,  as  in  C, 
you  will  find  that  they  all  follow  a  straight  line  curve.  Then 
Table  4,  page  190,  as  well  as  the  diagram  on  page  191,  show  simi- 
lar conditions,  which  should  support  my  contention.  There  are 
ten  buildings  enumerated.  Each  one  has  a  different  total  heating 
surface  installed.  The  coal  consumption  in  each  case  is  slightly 
different  per  hundred  square  feet  of  direct  radiation.  The  hours 
of  the  season,  or  the  hours  the  plant  was  operated,  also  vary. 

Taking  these  instances,  and  relating  them  to  the  weather  condi- 
tions as  well  as  the  size  of  the  plant,  the  results  are  shown  plotted 
in  combination  in  Fig.  4.  Now  consider  the  amounts  plotted 
against  the  square  feet  of  direct  steam  radiation  as  indicated  by  the 
solid  black  triangles.  It  is  seen  that  they  are  scattered  all  over  the 
place,  regardless  of  what  the  actual  coal  quantity  may  be  per  hun- 
dred square  feet.  But  the  moment  the  per  cent  demand  is  taken 
into  consideration  as  proposed  by  the  new  law,  the  figures  all  line 
up  as  shown  by  the  curve.  So,  it  is  seen,  that  regardless  of  the  fact 
whether  ten  or  a  thousand  actual  cases  are  used,  if  the  correct 
operating  conditions  are  taken,  the  law  will  show  that  the  figures 
of  coal  consumption  line  up  according  to  the  weather  and  hours 
of  operation,  as  indicated  in  this  diagram. 

Only  on  that  basis  is  the  composite  chart  with  my  standards,  as 
I  call  them,  prepared.  Referring  to  this  chart.  Fig.  8,  page  195, 
it  wouldn't  matter  whether  the  houses  had  insulated  walls  or  were 
of  very  leaky  construction.  The  same  theory  would  apply,  for  the 
simple  reason  that  for  a  house  of  a  given  size,  a  larger  heating  sys- 
tem is  installed  than  for  a  house  of  the  same  size  in  a  warmer 
climate,  or  for  the  reason  that  the  construction  is  different  or  made 
to  suit  the  weather  conditions.  This  is  a  fundamental  in  all  calcu- 
lations in  designing  heating  systems.  Therefore,  if  the  involved 
factors  would  all  be  applied  in  using  the  scales  of  Fig.  8,  the 
result  would  doubtless  come  close  to  a  relatively  parallel  consump- 
tion in  a  colder  or  warmer  district  when  figured  on  the  same  total 
losses.  This  goes  to  show  that  it  all  comes  down  to  an  understand- 
ing  of   the   factor   I   call   "per   cent   demand"   which    may   be   ex- 
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plained  as  the  difference  between  the  inside  room  temperature,  and 
the  outside  prevailing  temperature,  divided  by  the  maximum  cem- 
perature  difference  used  in  the  design,  as  for  example,  zero,  minus 
ten,  or  w^hatever  it  may  be.  And  at  one  per  cent  demand,  one 
square  foot  radiation  operated  for  one  hour  will  always  use  the 
same  amount  of  coal,  commercially  recognized  as  fairly  economical. 

H.  L.  Williams  :  I  would  like  to  ask  Mr.  Ehrlich,  where,  in 
Table  3  at  the  bottom  of  page  187,  he  establishes  a  formula  of  coal 
requirements,  how  he  arrives  at  his  division  by  10,000,000. 

The  Author:  This  formula  was  simply  one  of  the  steps  in  the 
development  of  the  theory  and  new  law  here  presented.  If  I  am 
not  mistaken,  it  agrees  fairly  well  with  the  results  given  by  the 
chart  previously  mentioned.  The  factor  10,000,000  really  repre- 
sents all  the  complications  and  complexities  that  enter  into  the 
problem.  That  is  the  best  way  I  can  explain  it  off-hand.  It  is 
simply  the  result  of  cancellation,  multiplication,  division  and  mathe- 
matical transposition. 

H.  L.  Williams  :  Well,  isn't  it  really  on  the  question-  of  B.t.u. 
that  you  arrive  at  that  conclusion,  using  5,000  as  the  basis  of  the 
B.t.u.  by  a  ton  of  coal,  and  multiplying  that  by  2,000  would  make 
10,000,000  for  a  ton.     Isn't  that  the  way  you  arrive  at  that? 

The  Author  :  No.  That  10,000,000  is  not  a  straight  multiplica- 
tion of  the  B.t.u.  in  coal,  as  suggested.  The  full  explanation  of  this 
factor  is  given  in  "Power"  of  March  5,  1918.  The  details  are  not 
enumerated  in  my  paper  because  the  formula  is  shown  merely  as  a 
stepping  stone  in  the  development  of  my  work.  The  final  data  are 
recommended  for  use.  It  should  be  clear,  however,  that  the  basis 
Mr.  Williams  states  would  make  the  factor  of  10,000,000  equal  to 
1  ton  of  coal.  If  this  were  so,  the  formula  would  read  "Radiation 
X  Hours  X  /  =  tons  coal  for  season."  But,  this  is  not  the  case 
and  the  formula  does  not  read  that  way.  You  can  check  the  results 
and  convince  yourself. 
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THE  use  of  by-product  coke  is  quite  general  in  the  metal- 
lurgical works  throughout  the  middle  west.  The  uniformly 
even  quality  of  this  fuel  is  quite  well  understood  and  appre- 
ciated by  foundrymen;  its  high  fuel  value  in  the  domestic  field 
however  is  not  so  well  established.  Gas  house  coke  has  been  used 
for  years,  it  is  true,  but  is  not  generally  accepted  as  a  substitute  for 
anthracite  coal,  yet  with  the  necessity  of  conserving  anthracite,  due 
to  increased  consumption  caused  by  the  war,  it  becomes  a  very 
pertinent  question,  particularly  in  the  middle  western  states,  where 
not  even  high  grade  bituminous  coals  are  plentiful,  and  such  as  are 
used  must  be  transported  to  a  considerable  distance  with  the  conse- 
quent high  freight  cost.  In  every  community  there  are  many  heat- 
ing appliances  that  are  not  adapted  to  burn  these  bituminous  and 
semi-anthracite  coals,  and  even  in  such  as  are  designed  to  burn 
these  coals,  there  is  almost  always  a  great  loss,  largely  of  the  volatile 
matter  which  escapes  as  more  or  less  dense  smoke  and  soot,  to 
vitiate  the  atmosphere,  clog  up  smoke  pipes  and  chimneys,  and 
which  are  apt  to  ignite,  sometimes  causing  serious  fires. 

By-product  coke  represents  a  fuel  distinctly  difl:erent  in  character 
from  gas  house  coke,  being  lower  in  volatile  matter,  higher  in 
fixed  carbon,  and  very  much  harder  and  denser  in  structure,  and 
when  burned  in  the  usual  house  heating  boiler  or  hot  air  furnace 
under  proper  conditions,  acts  in  a  manner  similar  to  anthracite 
coal.  Inasmuch  as  practically  all  of  the  valuable  constituents  of  the 
coal  are  extracted,  separated  and  saved,  to  serve  the  vital  needs  of 
peace  and  war,  we  have  here  true  coal  conservation — in  fact  the 
writer  feels  that  in  the  not  too  far  future  all  or  practically  all 
bituminous  coals  used  for  domestic  heating  will  be  coked.  As  we 
are  all  interested   in   applying  the   most  economical,   efficient  and 
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cleanly  methods  of  heating  our  homes  and  those  of  our  fellovvmen, 
a  description  of  the  method  of  manufacture  of  coke  in  by-product 
ovens  will  be  attempted,  not  to  go  into  all  the  technical  details  of 
the  operation,  but  to  give  an  outline  showing  that  by  reason  of  the 
great  care  exercised  in  the  preparation  of  the  coals  used,  this  is  a 
really  high  grade  fuel. 

In  passing,  it  must  also  be  said  that  about  two-thirds  of  all  coke 
.manufactured  is  produced  in  the  so-called  bee  hive  oven ;  also 
that  the  first  by-product  ovens  in  this  country  were  built  in  1892 
when  the  Semet-Solvay  Co.  installed  12  ovens  at  Syracuse,  N.  Y. 
The  rate  of  by-product  oven  building  is  such  that  in  a  very  short 
time  the  tonnage  produced  in  this  type  oven  will  have  passed  the 
older  type  of  bee  hive  oven.  This  is  due  largely  to  the  fact  that 
the  coke  yield  is  greater  in  the  newer  type  oven,  also  that  a  great 
many  coals  can  be  successfully  coked  that  would  not  make  a  satis- 
factory product  in  the  bee  hive  oven. 

As  generally  constructed  a  block  of  by-product  ovens  consists  of 
from  40  to  60  narrow  rectangular  chambers  adjoining  each  other, 
each  approximately  2  ft.  wide,  35  to  40  ft.  long  and  8  to  10  ft.  high. 
The  interior  side  walls  are  constructed  with  either  horizontal  or 
vertical  flues,  built  of  a  special  grade  silica  brick,  which  will  stand 
a  working  temperature  of  approximately  1,600  deg.  cent.  The 
fuel  gas  burned  in  these  flues  is  that  portion  driven  off  the  coal 
charge  in  the  latter  part  of  the  coking  period,  and  is  leaner  than 
that  which  is  driven  off  in  the  first  5  to  6  hours.  The  first  gas, 
known  as  rich  gas.  is  usually  distributed  direct  or  through  some 
gas  company,  for  illuminating  or  heating  in  cities. 

Air  for  combustion  supplied  to  these  flues  is  preheated  500  to 
1,000  deg.  cent,  either  in  recuperators  or  regenerators,  the  latter 
being  the  most  generally  used  in  modern  plants.  This  heat  is 
abstracted  from  the  waste  gases  on  their  way  to  either  waste  heat 
boilers  or  boiler  feed  water  economizers,  from  where  they  enter 
either  a  stack  or  are  exhausted  to  the  atmosphere  by  some  type 
of  fan. 

The  ovens  are  filled  to  within  about  1  ft.  of  the  top  with  finely 
pulverized  coal,  it  being  the  usual  practice  in  by-product  plants  to 
mix  or  blend  the  coals  in  order  to  obtain  certain  characteristics  in 
the  resultant  coke,  viz.  density,  cell  structure,  ash,  sulphur,  phos- 
phorus, etc.,  all  of  which  have  an  important  bearing  on  the  use  to 
which  the  coke  is  put,  and  therefore  must  be  under  control.  To 
that  end  systematic  sampling  and  testing  are  continuously  main- 
tained. Coal  is  usually  received  in  hopper  bottom  cars,  unloaded 
onto   some   type   of   belt   or   other   conveyor   that   discharges    into 
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breakers  (or  bins)  where  it  is  reduced  approximately  to  1^  in. 
cubes  and  smaller,  the  greater  part  of  the  slate  and  rock  being 
removed  from  the  coal  in  these  breakers.  Belt  or  other  conveyors 
deliver  the  coal  from  here  to  bins  from  where  it  is  measured  (two 
or  more  kinds  at  the  same  time)  into  hammer  mills,  or  some  other 
type  of  pulverizers,  where  it  is  reduced  to  such  a  degree  of  fine- 
ness that  approximately  85  per  cent  will  pass  through  a  ys  in.  screen. 
It  will  be  quite  clear  from  this  that  any  slate  or  rock  that  may  be 
present  in  the  coal  as  it  comes  from  the  breakers,  is  ground  up  fine 
and  thoroughly  disseminated  throughout  the  mass  of  coal  that  comes 
from  the  pulverizer  at  this  time,  and  this  explains  why  the  ash 
content  of  coke  is  usually  but  1  to  2  per  cent  higher  than  that  of 
the  coal  from  which  it  is  made.  Although  it  recjuires  about  1^4  tons 
of  coal  to  produce  one  ton  of  coke,  the  difference  is  in  the  volatile 
matter  that  was  driven  oft'  as  gas,  ammonia,  tar,  benzole,  cyanide, 
and  other  constituents,  that  are  separated  out,  and  collected. 

The  pulverized  coal  is  delivered  to  an  oven  from  which  the  fin- 
ished coke  has  been  pushed  ( and  the  discharge  doors  of  which  have 
been  again  hermetically  sealed  gas  tight  with  luting  clay)  by  means 
of  an  electrically  operated  charging  car.  After  remaining  in  the 
oven  for  a  period  of  from  14  to  18  hrs.,  and  subjected  to  a  tem- 
perature of  1.41)1)  to  1,600  deg.  cent.,  so  that  the  volatile  constituents 
have  been  driven  oft'  to  below  1  per  cent,  the  red  hot  mass  of  coke 
is  pushed  out  by  an  electrically-operated' pusher  ram  and  drops 
into  an  iron  quenching  car  onto  which  a  stream  of  water  is  allowed 
to  play  until  the  fire  is  extinguished.  It  is  then  allowed  to  drain 
for  about  10  to  15  minutes,  after  which  it  is  dumped  into  a  hopper 
and  delivered  onto  a  slow  moving  picking  belt  conveyor,  where  the 
spongy  and  imperfectly  coked  portions  are  sorted  out  by  hand  and 
thrown  into  a  set  of  roll  crushers.  All  coke  on  the  conveyor  is 
discharged  into  a  large  screen  having  3  in.  square  openings,  where 
all  undersized  coke  is  screened  out  and  delivered  to  the  roll  crusher : 
all  ovier  this  size  is  called  foundry  coke.  The  latter  is  delivered 
directly  into  box  car  loaders,  or  loaded  by  means  of  chutes  into 
rack  cars. 

The  coke  that  has  passed  through  the  roll  crusher  is  known  as 
domestic  coke  and  is  usually  conveyed  into  an  elevated  bin  where 
it  is  passed  over  screens,  and  sized.  In  general  the  sizing  of  coke 
follows  that  used  for  anthracite  coal,  everything  passing  over  IJ^ 
in.  openings  being  classed  as  egg,  over  1  in.  as  nut,  over  ^j  in. 
as  pea ;  all  that  passes  through  the  latter  screen  is  however  usuallv 
called  coke  breeze.  In  some  plants  this  breeze  is  sized  still  further 
into  buckwheat,  rice  and  dust  or  fine  coke ;  however,  this  cannot 
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be  done  without  previous  drying  as  this  breeze  usually  contains 
from  5  to  15  per  cent  moisture,  which  causes  the  screens  to  clog 
very  rapidly,  and  the  moisture  therefore  must  be  reduced  to  below 
2  per  cent  before  the  screening  can  be  done  satisfactorily. 

A  few  years  ago  an  effort  was  made  to  dispose  of  this  breeze 
in  one  large  coke  oven  plant,  by  briquetting  it  with  bituminous 
coal.  This  failed  however  to  be  a  commercial  success,  because 
of  the  tremendous  abrasion  to  which  every  part  of  the  machinery 
was  subjected.  Even  though  the  mechanical  details  had  been  suc- 
cessfully worked  out  and  a  satisfactory  fuel  could  be  produced  on 
a  commercial  scale,  the  cost  of  repairs  and  renewals  proved  pro- 
hibitive and  the  attempt  was  discontinued. 

Many  attempts  have  been  made  to  dispose  of  this  breeze  coke 
in  the  past.  It  has  been  used  as  a  boiler  fuel,  and  when  burned  on 
pin  hole  grates  with  about  9  per  cent  openings  with  a  forced  draft 
of  about  2  in.  water,  an  evaporation  of  about  7  lb.  per  lb.  of  coke 
has  been  obtained,  but  it  required  special  skill  in  firing  to  obtain 
any  results. 

At  the  present  time  large  quantities  of  this  breeze  are  consumed 
by  the  electro-chemical  industries  which  formerly  crushed  the  large 
sized  coke  down  to  their  requirements,  but  found  this  expensive. 
Owing,  however,  to  the  irregularity  of  the  ash  content  of  the  breeze 
coke  it  was  for  a  long  time  unsatisfactory,  and  means  had  to  be 
developed  to  remove  this  objectionable  feature.  Some  5  years  ago 
the  author  devised  an  apparatus  by  which  this  was  accomplished 
and  large  quantities  are  now  used  to  manufacture  carborundum, 
cyanimide,  calcium  carbide,  aluminum,  etc. 

The  buckwheat  and  pea  sizes  of  coke  are  used  to  a  considerable 
extent  in  house  heating  boilers  and  furnaces  designed  with  maga- 
zine feeds  with  excellent  results,  but  owing  to  the  fact  that  coke 
is  lighter  than  anthracite,  the  firing  periods  are  somewhat  shorter, 
or  if  it  be  desired  to  use  this  fuel  exclusively,  a  boiler  about 
one  size  larger  than  required  for  anthracite  coal  should  be  selected. 
This  also  holds  good  in  the  case  of  the  larger  sizes  of  coke  when 
burned  in  the  usual  surface  feed  boiler  or  furnace,  a  deep  fire  pot 
being  desirable.  Because  of  the  lightness  of  coke  a  deeper  bed 
must  be  maintained,  which  also  avoids  clinkering  troubles  to  a 
great  extent  by  avoiding  high  local  temperatures,  and  it  presents 
more  stable  combustion  conditions,  as  well  as  permitting  better 
regulation  of  room  temperature  because  of  lengthened  firing  periods. 

It  has  been  found  beneficial  to  admit  a  portion  of  the  air  supplied 
for  combustion,  above  the  fire  bed,  through  the  check  draft  usually 
supplied  in  the  fire  door  of  a  boiler  or  furnace,  to  assist  in  burning 
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the  carbon  monoxide.  Quite  a  number  of  flue  gas  determinations 
made  by  the  writer  with  this  damper  open  and  closed  seems  to 
substantiate  this. 

The  smoke  pipe  damper  should  be  opened  wide  just  before 
shaking  the  grates  for  the  removal  of  ashes,  after  which  the  fire 
should  be  replenished  with  a  fresh  supply  of  coke,  and  dampers 
closed  about  one-half.  When  the  gas  appears  to  be  burning  freely 
on  the  surface  of  the  fuel  bed,  all  subsequent  regulation  should  be 
obtained  by  means  of  the  check  draft  in  the  smoke  pipe  or  boiler 
breeching,  rather  than  by  the  volume  damper.  This  of  course 
presupposes  the  existence  of  a  normal  draft;  should  the  draft  be 
less  than  normal,  the  volume  damper  should  remain  wude  open  at 
all  times.  It  is  a  well  known  fact  that  coke  can  be  burned  in  a 
salamander,  which  is  nothing  more  than  a  section  of  enlarged  iron 
pipe,  without  any  chimney  connection  whatever.  This  property 
has  enabled  coke  to  give  perfect  satisfaction  in  certain  instances 
where  the  draft  available  was  not  sufficient  to  burn  anthracite  satis- 
factorily. This  is  an  important  advantage  and  has  been  the  means 
of  putting  coke  into  many  homes. 

It  is  advisable  to  wet  down  the  ash  pit  contents  prior  to  shaking 
the  fire,  for  owing  to  the  fine  and  fluffy  nature  of  coke  ash  it  will 
spread  over  the  basement  floors  unless  this  be  done.  This  also 
seems  to  reduce  the  tendency  to  clinkering  of  this  fuel.  The  usual 
impression  is  that  grates  are  quickly  destroyed  by  using  coke ;  this, 
however,  is  not  the  case,  for  unless  gross  carelessness  is  practiced, 
either  by  shaking  fires  down  too  severely  or  allowing  ashes  to  accu- 
mulate underneath  grates  to  such  an  extent  as  to  prevent  their 
being  cooled  by  the  air  supply  to  the  fire,  their  life  will  be  just  as 
long  as  when  other  fuels  are  used.  Another  common  objection  often 
heard  is  that  as  the  gas  has  been  taken  out  of  coke,  its  fuel  value 
is  considerably  lessened.  The  following  proximate  analyses  of  coke 
taken  at  random  clearly  show  how  erroneous  this  view  is : 

Volatile  Fixed 

Matter  Carbon  Ash  Sulphur 

Egg  Coke  (Dr\0    0.93        90.6Q  7.3S        0.5S1 

Nut  Coke   (Dry)    1.69        88.58  8.51        0.612 

Pea  Coke   (Dry)    1.49  90.93  7.55        0.750 

Buckwheat    (Dry) 1.96        86.58  11.46        0.765   (Cleaned) 

Weight  per  cu.  ft.  as  loaded  in  cars   (moisture  about  3  per  cent) 

Foundry    30  lb. 

Egg     31  lb. 

Nut     35  lb. 

Pea     40  lb. 

Note. — .\bove    coke    was   made   from    mixture    of   82    per    cent    Kentucky    higli    volatile 
and   18   per   cent   Focahontas.      Both    were   below   7   per   cent   a.sli. 
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Usually  there  is  about  one  dollar  difference  per  ton  in  favor  of 
coke,  and  in  practice  it  is  found  that  one  ton  of  coke  will  go  as  far 
as  one  ton  of  anthracite,  with  proper  manipulation  of  fires.  This 
coupled  with  the  ability  of  building  up  a  fire  very  quickly  and  its 
entire  smokelessness,  makes  it  a  highly  desirable  fuel.  A  very  com- 
mon mistake  is  often  made  in  selecting  coke  prepared  too  large,  the 
egg  size  often  giving  trouble  from  excessive  clinkering  due  to  rapid 
combustion,  and  consequent  high  local  temperature.  Sometimes  the 
air  passages  are  so  large,  particularly  with  thin  fires,  that  fires  are 
found  to  have  been  extinguished  thereby.  The  nut  or  pea  sizes 
are  to  be  recommended  for  use  generally  in  nearly  every  type  of 
house  heating  appliances,  and  in  the  experience  of  the  writer  have 
proven  to  be  very  much  easier  to  control  than  bituminous  coals.  A 
great  deal  more  might  be  said  in  favor  of  this  fuel,  but  this  will, 
however,  suffice  to  give  a  general  idea  as  to  the  suitability  of  by- 
product coke  as  a  substitute  for  anthracite  coal. 

DISCUSSION 

The  President:  The  efficiency  of  foundry  coke  depends  alto- 
gether on  how  large  it  is.  With  very  large  pieces  of  coke  sometimes 
it  is  impossible  to  keep  a  fire.  But  we  found  that  in  the  handling 
and  rehandling  of  the  coal  from  the  time  of  shipping  to  the  time 
of  delivery  at  the  house  it  gets  broken  up ;  so  by  a  little  mixing  I 
get  along  very  well  with  it,  and  by  learning  how  to  handle  it  a  great 
deal  of  satisfaction  can  be  obtained.  A  great  many  people  are 
having  trouble  with  gashouse  coke.  That  may  be  due  to  a  differ- 
ence in  the  quality  of  gashouse  coke  as  made  today  or  to  people 
not  studying  the  conditions  under  which  they  had  to  fire  it. 

Mr.  Easter:  That  a  ton  of  coke  is  equal  to  a  ton  of  anthracite 
coal  in  heat  units  may  be  qualified  somewhat  due  to  the  variable  char- 
acter of  coals  used  for  coke  making.  Coke  shows  a  greater  range 
of  content  other  than  heat  units  than  the  average  anthracite  coal. 

The  commercial  process  of  making  coke,  whether  in  beehive  or 
retort  ovens,  will  not  change  the  character  of  the  coke  from  that  of 
the  coal  from  which  it  is  made  to  any  great  extent. 

The  principal  forms  of  non-combustibles  in  coking  coal  consist 
of  bone  coal  and  slate,  ash  ranging  from  10  to  20  per  cent,  much 
of  which  cannot  be  separated  before  coking  and  becomes  impreg- 
nated within  the  coke  structure,  while  the  ash  content  in  the  average 
anthracite  coal  is  not  over  one-half  that  of  the  best  coke,  hence  the 
greater  loss  of  fixed  carbon  in  the  ton  of  coke.  The  slate  and  bone 
in  anthracite  coal  is  more  accessible  for  separation  from  the  coal 
in  the  preparation  for  shipment  than  is  the  case  with  coke. 

It  seems  a  mystery  just  what  the  ingredient  is  which  causes  the 
carbon  in  a  certain  grade  of  coal  to  knit  together  and  form  a  hard 
metallic  cake  in  the  coking  process,  while  coke  made  from  other 
coal  of  practically  the  same  analysis  has  little  or  no  crushing  strength. 
The  structure  of  coke  is  variable,  some  is  so  light  in  weight  that 
there  is  considerable  stack  loss  as  compared  with  anthracite  coal. 
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The  work  of  the  above  Coiinnittee  ichich  has  aroused 
interest  throughout  the  Society,  luas  reported  at  the 
Annual  Meeting  of  1919.  /;/  submitting  this  preliminary 
report,  hoivever,  it  has  been  deemed  advisable  by  the 
Weather  Bureau  Committee,  in  vieiv  of  the  unusual  char- 
acter of  this  zvork,  to  place  on  record  a  statement,  setting 
forth  the  events,  zchich  finally  terminated  in  the  forma- 
tion of  this  Committee  in  191T,  and  an  explanation  of  its 
object. 

REPORT. OF  COMMITTEE 

ABOUT  six  or  seven  years  ago  during  the  earlier  stages  in  the  develop- 
ment of  spray  type  humidifiers  and  dehumidifiers  for  use  in  con- 
nection with  humidifying,  cooling  or  low  temperature  drying  plants, 
those  engaged  in  this  field  would  receive  inquiries  from  manufacturers  re- 
questing estimates  for  air  conditioning  plants  including  refrigerating  ap- 
paratus for  maintaining  say,  for  instance.  70  deg.  and  60  per  cent,  relative 
humidity,  and  in  many  cases  stipulating  that  we  figure  on  taking  the  air 
from  outdoors  entirely  or  partly  at  a  maximum  condition  of  say  95  deg.  and 
90  per  cent  relative  humidity  or  even  higher,  this  maximum  condition  being 
based  on  the  daily  weather  reports  as  issued  by  the  local  weather  fore- 
casters in  different  parts  of  the  country.  During  this  period  it  was  a  custom 
of  the  weather  forecasters  to  issue  to  the  daily  papers  temperature  readings 
taken  at  8  A.  M.,  2  P.  M.  and  8  P.  M.  and  relative  humidity  readings  at 
8  A.  M.,  and  8  P.  M.,  but  no  relative  humidity  readings  at  2  P.  M.  In  the 
morning  and  evening  the  temperature  is  usually  the  lowest  during  the  day  and 
the  relative  humidity  the  highest.  The  absolute  humidity  or  the  weight  of 
moisture  in  a  given  space  usually  remains  approximately  constant  during  the 
day,  so  obviously  as  the  temperature  rises  to  its  highest  point,  the  relative 
humidity  would  be  the  lowest. 

It  might  be  of  interest  to  cite  an  example  of  what  this  would  mean.  Assum- 
ing the  temperature  in  the  morning  was  70  deg.  and  the  relative  humidity 
90  per  cent,  further  assuming  that  the  air  temperature  rose  to  95  deg.  during 
the  day  and  the  absolute  humidity  remained  constant,  we  would  in  the  morn- 
ing have  a  wet  bulb  temperature  of  about  68  deg.  fahr.  and  a  moisture 
content  of  about  100  grains  per  pound  of  air.  As  this  air  would  rise  in  tem- 
perature to  95  deg.  the  wet  bulb  temperature  would  be  about  ISVz  deg.  and 
the  relative  humidit}-  would  be  lowered  to  about  39  per  cent. 

209 
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From  the  daily  weather  reports,  however,  one  not  understanding  the 
situation  would  get  the  idea  that  the  relative  humidity  at  2  P.  M.,  when 
the  temperature  was  95  deg.,  still  was  90  per  cent,  which  would  mean  a 
moisture  content  of  about  230  grains  per  pound  of  air  and  a  wet  bulb 
temperature  of  about  92  deg.,  and  as  everyone  knows,  such  a  condition 
is  utterly  impossible  in  nature ;  as  a  matter  of  fact,  it  is  extremely  rare 
indeed  that  the  wet  bulb  temperature  goes  above  80  deg.  fahr.  As 
a  further  point  of  illustration  it  is  of  interest  to  state,  that  the  difference  in 
refrigeration  required  to  cool  the  air  in  the  case  mentioned  would  be  approxi- 
mately 6V2  tons  per  1000  cu.  ft.  of  air  handled. 

These  matters  were  exceedingly  difficult  to  explain  to  some  of  our  clients 
who,  considering  Uncle  Sam  a  pretty  good  authority,  would  not  or  could 
not  be  convinced. 

The  Chairman  of  this  Committee,  who  then  was  manager  of  the  air 
conditioning  department  for  Warren  Webster  &  Co.,  took  occasion  in 
October,  1911,  to  call  upon  Prof.  W.  L.  Moore,  Chief  of  the  Weather 
Bureau  in  Washington,  D.  C,  explained  our  troubles  to  him,  pointed  out  the 
importance  of  the  matter  and  asked  if  it  was  not  possible  to  have  local 
forecasters  in  different  cities  publish  simultaneous  readings  of  temperature 
and  relative  humidity  at  2  P.  M.  as  well  as  morning  and  evening.  Prof. 
Moore,  however,  politely  informed  him  that  the  weather  reports  were  issued 
primarily  for  the  benefit  of  shippers  and  not  for  manufacturers  and  he 
could  see  no  reason  for  disturbing  the  routine  of  the  Department  and 
declined  to  make  any  changes  in  the  daily  weather  reports.  About  three 
years  later  Prof.  C.  F.  Marvin  was  elevated  to  the  office  of  Chief  of  the 
Weather  Bureau  and  your  Chairman,  in  March,  1915,  called  on  Prof.  Marvin 
in  Washington  and  covered  the  ground  again.  Prof.  Marvin  was  exceedingly 
broad-minded  and  gracious  in  the  matter  and  stated  that  he  could  readily 
see  the  importance  of  the  requested  change  and  expressed  a  willingness  to 
co-operate  in  the  matter  so  long  as  the  changes  would  not  involve  increased 
expenses  of  the  Department,  since  he  could  not  exceed  his  appropriations.  He 
asked  that  a  written  request  be  mailed  to  him  and  your  chairman  wrote  him 
giving  the  foregoing  facts.     He  received  the  following  reply : 

United  States  Department  of  Agriculmre 

Weather  Bureau. 

Office  of  the  Chief, 

Washington,  D.  C,  March  16,  1915. 
Mr.  Wm.  G.  R.  Braemer, 

Mgr.  Air  Conditioning  Dept.,  Warren  Webster  &  Co., 
Camden,   N.   J. 

Dear  Sir: 

Replying  to  your  communication  of  the  8th  instant,  relative  to  the  publica- 
tion of  midday  humidity  readings,  I  beg  to  inform  you  that  action  will  be 
taken  looking  to  the  publication  of  these  data  at  the  Weather  Bureau  Sta- 
tions where  found  practicable. 

Very  respectfully, 

(Signed)     C.  F.  MARVIN, 

Chief  of   Bureau. 

During  the  summer  of  1915,  your  Chairman  had  occasion  to  visit  the  prin- 
cipal cities  of  the  country  and  found  one  or  more  papers  in  each  city  pub- 
lishing simultaneous  temperature  and  humidity  readings  morning,  noon  and 
evening.  So  far,  so  good,  but  the  end  was  not  yet  reached.  In  December, 
1915,  your  Chairman  received  a  letter  from  Mr.  A.  S.  Armagnac,  of  the 
Heating  and  Ventilating  Magazine,  as  follows — 

"We  have  started  in  to  publish  the  weather  charts  for  the  season  and  are 
informed  by  the  officials  in  the  various  cities  outside  of  New  York,  that 
they  cannot  furnish  us  the  midday  humidity  readings.  We  wrote  to  the 
Chief  Clerk  of  the  Weather  Bureau  in  Washington,  but  his  office  cannot 
furnish  them  either. 
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We  understood  that  through  your  efforts  these  midday  humidity  readings 
were  to  be  taken,  and  we  would  ask  you  if  you  can  give  us  any  information 
in  this  connection  showing  why  we  cannot  obtain  them. 

Thanking  you  in  advance  for  your  courtesy,  and  awaiting  your  reply,  we 
remain, 

Very  truly  yours, 
HEATING  &  VENTILATING  MAGAZINE  CO. 
(Signed)     A.  S.  ARMAGNAC, 

President. 

Prof.  Marvin  was  then  communicated  with  again  on  January  4th,  1916,  and 
reply  was  received  from  him  January  12th,  as  follows : 

United  States  Department  of  Agriculture 

Weather  Bureau. 

Office  of  the  Chief, 

Washington,  D.  C,  January  12,  1916. 
Mr.  William  G.  R.  Braemer, 
Warren  Webster  &  Company, 
Camden,  N.  J. 

Dear  Sir : 

In  reply  to  your  letter  of  January  4th,  1916,  relative  to  midday  humidity 
readings,  I  beg  to  say  that  investigation  develops  the  fact  that  these  data,  as 
determined  by  observations  taken  at  noon,  1  P.  _M.  or  2  P.  M.,  are  pub- 
lished in  the  daily  press  at  forty-four  of  our  stations,  as  shown  by  the  list 
herewith. 

Our  observers  have  never  been  required  to  enter  these  data  on  regular 
forms  for  permanent  record,  and  we  are  unable  to  say  whether  or  not  any  of 
them  keep  a  retained  copy  of  the  readings.  The  matter  of  having  a  per- 
manent record  made  of  these  readings  will  be  taken  up  for  consideration.  I 
remember  very  distinctly  that  at  the  time  of  your  call  at  the  Weather  Bureau 
concerning  this  matter,  I  pointed  out  that  if  these  observations  were  pub- 
lished in  the  daily  papers  there  would  be  no  retained  record  of  the  same,  and 
my  understanding  was  that  this  arrangement  was  satisfactory  to  you,  al- 
though, as  I  believe  I  pointed  out,  the  information  hereafter  would  be  avail- 
able only  in  the  newspapers. 

At  fifteen  of  our  stations,  as  shown  by  the  accompanying  list,  self-recording 
hydrographs  are  maintained,  and  sheets  containing  the  records  of  these 
instruments  are  on  file  at  this  office.  We  shall  be  glad  to  furnish  any  data 
from  them  that  you  may  desire. 

Very  respectfully, 

(Signed)     C.  F.  MARVIN, 

Chief   of   Bureau. 

From  this  it  was  evident  that  there  was  a  misunderstanding  somewhere, 
undoubtedly  due  to  the  ignorance  of  your  Chairman  with  reference  to 
detailed  workings  of  the  local  Weather  Bureau  offices,  his  impression 
being  that  a  record  would  be  kept  in  each  local  office  of  whatever  was  issued 
to  the  papers  in  the  way  of  reports. 

It  was  the  pleasure  of  j'our  Chairman  to  give  an  illustrated  talk  on  the 
subject  of  Air  Conditioning  at  the  first  regular  meeting  ever  held  by  this 
Chapter,  at  which  time  these  perplexing  matters  were  brought  out,  and 
President  Cassell  appointed  the  Weather  Bureau  Committee,  consisting  of 
E.  T.  Murphy,  H.  P.  Gant,  and  Wm.  G.  Braemer,  to  investigate  conditions 
and  report  to  the  Chapter  suggestions  for  accomplishing  the  desired  results, 
the  intention  being  for  Eastern  Pennsylvania  Chapter  to  refer  these  reports, 
modified  or  otherwise,  to  the  Society  at  the  Annual  Meeting  for  further 
action. 
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In  July,  1917,  the  Committee  dividing  the  work,  communicated  with  the 
Weather  Bureaus  throughout  the  country  requesting: 

1. — A  copy  of  their  daily  weather  reports  issued  to  the  local  daily  papers; 

2. — Information  as  to  whether  permanent  records  of  these  daily  reports  were 

retained; 
3. — Copy  of  the  reports  issued  monthly. 

An  immense  amount  of  reports,  daily  and  monthly,  with  explanations,  was 
received  and  a  study  of  the  situation  in  general  was  of  great  interest. 
Summing  up  the  data  received  by  the  Committee  it  was  found  that: 

1st — The  individuality  of  the  local  forecasters  in  each  case  largely  determined 

the  subject  matter  and  form  of  reports. 
2nd — That  permanent  records  of  all  reports  were  retained  in  the  offices  in 

many  instances. 
3rd — That  in  some  instances  no  record  was  retained  of  daily  reports  to  papers 

as  such  reports  were  given  over  the  telephone. 
4tli — That   in    some   cases    newspapers    selected    from    written    daily    reports 

their  matter  published,  thus  often  omitting  essential  features. 
5th — That  the  monthly  reports  usually  state  the  relative  humidity  at  8  A.  M., 

at  2  P.  M.  and  8  P.  M.,  but  simultaneous  temperature  readings  are  not 

given,  but  only  the  daily  maximum,  minimum,  and  mean  temperatures. 

The  maximum  temperatures  the  records  show  are  not  necessarily  at  2  P.  M. 
but  may  be  at  3  or  4  P.  M.,  the  selection  of  readings  at  2  P.  M.  apparently 
being  merely  a  matter  of  convenience.  Lately  we  understand  that  the  midday 
readings  have  been  changed  to  12  o'clock  noon  because  the  forecasters' 
offices  close  at  12  o'clock  Saturday. 

To  the  systematic  engineer,  all  these  features  may  seetn  confusing,  but 
considering  that  as  Prof.  Moore  said,  the  weather  reports  were  gotten  up 
primarily  for  shipping  interests,  not  concerned  about  the  features  which 
interest  us,  there  is  nothing  strange  about  the  situation.  The  work  in  con- 
nection with  the  Committee  has  given  us  an  opportunity  to  get  a  glimpse 
of  the  inside  of  the  Weather  Bureau  and  to  get  an  idea  of  the  really  wonder- 
ful work  which  is  being  accomplished  there  and  the  difficulties  which  are 
to  be  overcome.  We  realize  therefore  that  we  are  treading  on  delicate 
ground  in  venturing  to  offer  suggestions,  but  we  nevertheless  believe  firmly 
that  the  time  has  come  that  the  manufacturer  should  be  given  his  share  of 
consideration  in  connection  with  the  daily  and  monthly  reports  issued  by 
the  Department,  to  the  end  that  daily  reports  through  papers  include 
simultaneous  temperature  and  humidity  readings,  and  the  monthly  reports 
this  same  information,  for  permanent  records  and  reference. 

One  can  scarcely  name  an  industry  which  is  not  affected  one  way  or 
another  by  the  atmospheric  conditions,  and  as  a  matter  of  interest,  it  may 
be  well  to  call  to  your  attention  that  even  during  the  comparatively  short 
life  of  the  air  conditioning  business,  over  110  essential  and  important  in- 
dustries have  found  it  necessary  to  take  a  vital  interest  in  accurate  informa- 
tion as  to  daily  temperature  and  humidity  conditions,  some  industries  for 
their  very  existence  in  competition  and  others  for  the  improvement  of  their 
product.  It  will  also  be  well  to  point  out  that  air  conditioning  is  as  yet  only 
in  its  infancy  but  has  already  revolutionized  many  important  industries. 
These  large  groups  of  manufacturers  are  entitled  to  consideration  from  the 
Weather  Bureau. 

Your  Committee  therefore  desires  to  make  the  following  preliminary 
recommendations : 

A.  That  a  standardized  daily  report  containing  simultaneous  temperature 
and  humidity  readings  be  issued  to  the  newspapers  and  filed  in  the  per- 
manent records  of  the  local  offices. 

B.  That  these  observations  be  made  at  8  A.  M.,  at  2  P.  M.,  and  at  8  P.  M. 
unless  the  operation  of  the  offices  makes  the  2  P.  M.  reading  impracticable, 
in  which  event  it  might  be  taken  at  noon. 
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C.  That  the  standardized  daily  report  contain  an  addendum  covering 
data  essential  to  local  industries. 

D.  Inspection  of  many  forms  of  daily  reports  leads  your  Committee  to 
suggest  the  adoption  of  the  attached  form  of  daily  report,  with  such  addenda 
as  local  conditions  may  require. 

E.  That  a  monthly  report  of  standard  form  be  adopted  and  issued  with 
such  addenda  as  local  conditions  may  require. 

F.  That  such  monthly  report  should  contain  the  simultaneous  daily  tem- 
perature and  humidity  readings  and  if  this  for  any  reason  is  found  imprac- 
ticable, that  these  monthly  reports  contain  daily  humidity  readings  morning, 
noon,  and  evening,  and  hourly  temperature  readings  for  each  day  of  the 
month. 

G.  With  a  view  towards  greater  accuracy  and  more  useful  industrial  in- 
formation it  would  be  desirable  if  points  of  observation  were  not  located 
in  the  hearts  of  large  cities,  as  fabrication  and  manufacturing  processes 
usually  are  carried  on  in  the  outskirts  of  the  cities  and  in  adjacent  towns 
which  look  to  the  cities  for  their  climatic  data. 

We  attach  herewith  a  copy  of  a  monthly  report  issued  by  the  local  Weather 
Bureau  with  the  suggestion  that  such  monthly  report  might  perhaps  be  issued 
to  better  advantage  in  a  pamphlet  form. 

Respectfully  submitted, 

Wm.  G.   Braemer,   Chairman, 
S.  E.  Plewes, 

E.    T.    AIURPHY. 

January  9th,  1919. 


DISCUSSION 

W.  G.  R.  Braemer:  The  Committee  has  other  suggestions  in 
mind  and  I  should  like  to  see  the  Society  appoint  a  Weather  Bureau 
Committee  to  look  into  this  matter  further  and  present  a  request 
to  Prof.  Marvin  so  as  to  get  this  matter  standardized. 

Frank  K.  Chew  :  I  move  that  a  committee  of  five  be  appointed 
to  take  up  the  matter  of  having  a  better  Weather  Bureau  report 
made  for  the  benefit  of  the  citizens  of  the  country. 

Frederic  F.  Bahnson  :  I  would  like  to  second  that  motion.  To 
illustrate  how  little  people  seem  to  appreciate  the  importance  of  this 
matter  of  humidity,  I  found  at  one  of  the  instrument  manufac- 
turers on  14th  St.,  New  York,  that  in  their  entire  stock  no  two 
hygrometers  read  within  10  per  cent  of  each  other.  When  this 
was  mentioned  the  maker  stated  that  if  I  made  the  purchase  of  one, 
he  would  set  it  for  me.  When  asked  what  he  was  going  to  set  it  by, 
he  said,  'T  will  telephone  the  Weather  Bureau  and  ask  what  the 
humidity  is  and  then  set  that  hygrometer."  The  Weather  Bureau 
was  then  on  top  of  the  Whitehall  Building,  at  the  Battery,  three 
miles  away — and  he  had  sling  psychrometers  in  stock. 

I  find  that  kind  of  ignorance  is  prevalent  all  over  the  country. 
They  don't  seem  to  realize  what  humidity  is.  The  question  of  hu- 
midity is  really  of  as  much  or  more  importance  in  the  conservation 
of  coal  and  kindred  problems  as  the  question  of  dry  bulb  tempera- 
ture ;  and  if  the  activities  of  this  Committee  can  be  extended  so  far  as 
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to  Start  some  sort  of  campaign  of  education  among  the  engineers  of 
the  country,  myself  included,  to  emphasize  the  importance  of  that 
humidity  question,  I  think  it  would  be  very  well  worth  while. 

One  more  point  I  would  like  to  mention  which  should  be  highly 
interesting  to  the  Society.  I  had  occasion,  or  rather  one  of  my 
assistants  did,  to  go  over  all  the  Weather  Bureau's  reports  of  the 
City  of  St.  Louis  for  the  past  four  or  five  years.  They  had  data  on 
record  from  a  recording  thermometer  and  a  recording  hygrometer, 
and  we  found  that  the  10  :00  P.  M.  readings  of  humidity  were  al- 
most exactly  the  2i  hour  average  for  each  24  hour  period.  It  is  a 
most  interesting  series  of  curves. 

The  President:     Did  that  apply  throughout  the  year? 

F.  F.  Bahnson:  Yes;  on  any  normal  day  the  10:00  P.  M.  hu- 
midity will  be  the  average  for  the  2-4  hours.  It  is  a  surprising  thing 
to  me,  but  it  seems  an  absolutely  constant  condition,  checking  out 
accurately  within  the  limits  of  error  of  observation  for  daily-monthly 
averages  throughout  the  years  on  which  w^e  obtained  data.  Whether 
it  would  hold  for  other  localities  I,  of  course,  do  not  know. 

W.  G.  R.  Braemer:  It  may  be  of  interest  to  state  further  that 
Prof.  Marvin  told  me  a  couple  of  years  ago  that  some  years  ago 
the  Weather  Bureau  attempted  to  issue  in  the  daily  weather  report 
the  sensible  temperature.  The  sensible  temperature  more  closely 
approximates  the  wet  bulb  temperature  than  the  dry  bulb  tempera- 
ture, but  it  is  not  exactly  the  wet  bulb  temperature,  and  besides  into 
the  sensible  temperature  enters  the  human  element  a  great  deal,  so 
that  they  gave  it  up  as  a  bad  job. 

But  I  do  think  that  the  wet  bulb  temperature  is  an  important  point 
to  be  considered,  and  perhaps  something  might  be  embodied  in  our 
final  report  in  connection  therewith. 

The  President:  A  motion  has  been  made  and  seconded  to  ap- 
point a  Committee  of  live  on  Consultation  with  the  Weather  Bureau 
for  the  standardization  of  the  weather  report,  and  with  the  par- 
ticular view  of  obtaining  simultaneous  readings  of  temperature  and 
humidity  during  the  day. 

The  motion  was  carried. 


No.  519 

THE  SEMI-ANNUAL  MEETING 
1919 

American  Society  of  Heating  &  Ventilating  Engineers 


THE  Twenty-fifth  Semi-Annual  Meeting  of  the  American 
Society  of  Heating  and  Ventilating  Engineers  was  dis- 
tinguished by  several  unique  features.  It  witnessed,  in  the 
Research  Bureau  of  the  Society,  estabhshed  at  the  Bureau  of  Mines 
and  then  commencing  active  work,  the  consummation  of  a  cherished 
plan.  Furthermore,  it  celebrated  the  inauguration  of  Pittsburgh 
Chapter,  which  was  organized  early  in  the  year  and  is  making 
rapid  progress  in  membership  and  activity.  Another  interesting 
feature  was  the  accomplishment  of  the  plan  for  a  joint  session 
with  the  National  District  Heating  Association  at  which  topics  of 
mutual  interest  were  discussed  and  the  feeling  of  co-operation  and 
friendliness,  that  exists  between  the  two  organizations,  was  inten- 
sified. 

The  Meeting  was  held  on  June  10,  11  and  12,  1919,  at  the 
William  Penn  Hotel,  Pittsburgh,  Pa.,  and  constituted  the  forty- 
eighth  regular  meeting  of  the  Society.  It  was  well  attended  and 
was  characterized  by  the  engineering  value  of  the  papers  presented 
and  the  spirit  and  scope  of  the  discussions. 

The  registration  at  this  ]\Ieeting  was  fairly  large  in  view  of  the 
opportunity  afforded  to  many  to  attend  the  joint  meetings  of  the 
two  organizations,  there  being  81  members  registered,  and  48  guests, 
a  total  registration  of  129.  This  meeting  marks  the  return  of  the 
more  favorable  conditions  that  preceded  the  war,  so  far  as  indus- 
trial conditions  and  facilities  of  railroad  travel  are  concerned. 

The  professional  program  of  the  meeting  was  unusually  inter- 
esting in  view  of  certain  special  subjects  discussed  under  the 
symposium  plan.  At  the  opening  session  special  attention  was 
devoted  to  the  question  of  schoolhouse  ventilation,  there  being  two 
papers  of  unusual  interest  and  a  committee  report  that  add  materially 
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to  the  Society's  fund  of  valuable  information  on  this  important 
subject.  Another  important  occasion  was  the  joint  session  with 
the  National  District  Heating  Association  when  the  papers  of 
particular  interest  in  connection  with  steam  heating  were  presented 
and  discussed. 

The  special  session  held  at  the  Bureau  of  Mines  Laboratories  on 
June  10th,  was  undoubtedly  the  most  important  feature  of  the 
meeting  as  it  was  held  at  the  site  of  the  newly-established  Research 
Bureau  of  the  Society,  and  gave  the  visiting  members  and  guests 
the  opportunity  of  coming  closely  into  contact  with  the  wonderful 
facilities  for  research  there  provided.  At  this  session  the  members 
listened  to  a  most  interesting  report  of  the  Committee  on  Research, 
and  following  this  there  were  two  papers  of  special  interest  in 
connection  with  research,  one,  a  paper  on  Dust  Determinations, 
by  Hill  and  Armspach ;  and  the  other  a  statement  on  Furnace 
Research,  by  A.  C.  Willard.  These  were  very  favorably  received 
and  discussed,  and  the  visiting  ^klembers  then  inspected  the  exten- 
sive laboratories  at  the  Bureau. 

After  the  professional  session  at  the  Bureau  of  Mines  on  Tuesday, 
the  Members  met  at  the  Carnegie  Library,  which  immediately 
adjoins  the  Bureau  on  the  west,  and  viewed  some  of  the  wonderful 
exhibits  there,  among  them  the  art  and  architectural  collections. 
The  entire  party  then  returned  to  the  top  floor  of  the  Bureau  of 
Mines  Building  and  enjoyed  an  excellent  dinner  served  at  the 
Bureau  of  Mines'  cafeteria,  which  amply  demonstrated  the  com- 
pleteness of  the  equipment  of  the  Laboratory. 

Following  the  dinner  the  party  visited  the  Carnegie  Listitute  of 
Technology,  which  adjoins  the  Bureau  of  Mines  immediately  to  the 
east  and  south.  Here  an  opportunity  was  given  to  visit  the  archi- 
tectural and  art  exhibition  room  where  some  splendid  examples  of 
student  work  "were  examined  and  an  admirable  performance  of 
Shakespeare's  "Twelfth  Night"  followed,  which  performance  was 
given  by  the  students  of  the  Dramatic  Arts  department  of  the 
Carnegie  Listitute  of  Technology,  through  the  courtesy  of  Prof. 
S.  E.  Dibble,  for  the  entertainment  of  the  visiting  Members  and 
guests. 

An  excursion  up  the  Monongahela  river  to  the  McKeesport  works 
as  guests  of  the  National  Tube  Co.,  was  the  feature  of  the  last  day 
of  the  convention.  On  reaching  McKeesport,  the  men  in  the  party 
landed  to  inspect  the  works  ami  learn  how  steel  tubing  and  pipe 
are  manufactured,  while  the  ladies  remained  on  board  for  a  further 
ride  up  the  river  before  rejoining  the  men  for  the  homeward  trip, 
the  return  to  the  wharf  in  Pittsburgh  being  made  at  7  p.  m. 

The  entertainment  for  the  joint  convention  was  in  the  hands  of 
a  Committee,  representative  of  Pittsburgh  Chapter  of  the  Society 
and  of  the  National  District  Heating  Association.  It  was  composed 
of  Professor  S.  E.  Dibble,  Spencer  Brittain,  C.  W.  Wheeler,  J.  C. 
Hobbs,  Elmer  B.  Plapp,  G.  C.  Blackmore  and  C.  C.  Choffin,  to 
whom  hearty  thanks  is  due  from  those  who  shared  the  benefit  of 
their  careful  planning  and  successful  accomplishment. 


The  Semi-Annl'al  Meeting — 1919 
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The  papers  presented  at  the  Meeting  are  shown  in  the  following 
program : 

PROGRAM  OF  SEMI-ANNUAL  MEETING 
FIRST  SESSION 

Tuesday,  June  10,   10  A.  M. 
Welcome  Address. 
Response  by  President. 


Annual  Reports  of   Chapters; 

Illinois 
Kansas  City 
Massachusetts 
Michigan 
Minnesota 


New  York 

Western  New  York 

Ohio 

Eastern    Pennsylvania 

Pittsburgh 

St.   Louis 


Report  of  Committee  to  Co-operate  with  U.   S.   Navy   Dept. 

Report   of   Committee  on   School  House   Standards. 

Paper : 

Classroom    Ventilation,   by   Konrad    Meier.     * 

Paper : 

Heating  and  Ventilating  the   Standard   School   House,   by  J.   D.   Cassell. 


SECOND  SESSION 

Tuesday,  June   10,  2  P.  M. 

PROFESSIOXAL  SESSION 
at   Bureau   of   Mines   Laboratories 


Report  of  Committee  on  Research. 

Paper : 

Continuation  of   Work  in   Dust   Determinations,  by   Dr.   E.   Vernon   Hill 
and   Otto   W.   Armspach. 

Paper : 

Progress   Report  on   Furnace   Research,  by   Prof.   \.  C.   Willard. 
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THIRD  SESSION 
Wednesday,  June  11,  10  A.  M. 

PROFESSIONAL  SESSION 
Paper : 

Utilization  of  Sprinkler  System  Piping  for  Heating,  by  A.  W.  Moulder. 

Paper : 

Remodeling  a  Heating  System,  by  Helen  R.  Innis. 

Paper : 

Heating  and  Ventilating  Systems  at  the  U.  S.  Government's  Smokeless 
Powder  Plant,  at  Nitro,  W.  Va.,  by  G.  W.  Hubbard. 

FOURTH  SESSION 

Wednesday,  June  11,  2  P.  M. 

PROFESSIONAL  SESSION 

Joint  Mccti)ig  with  National  District  Heating  Association  • 

Report  of   Committee  on   Standard  Rules  for  Computing  Direct  Radiation. 
(Committee  of  National  District  Heating  Association.) 

Paper : 

Industrial  Uses  of   Superheated  Steam,  by   Alexander  Bradley. 

Paper : 

Capacities  of   Reducing  Valves   for   Steam   Heating  Systems,   by  James 
A.  Donnelly. 

FIFTH  SESSION 

Thursday,  June  12,  9.30  A.  'M. 

PROFESSIONAL  SESSION 
Paper : 

Cracking  of  Cast-Iron  Sectional  Hot-Water  Boilers,  by  C.  R.  Honiball. 

Paper : 

Conservation  of   Coal  by  Saving  Exhaust  Steam   in  the  Textile  Indus- 
tries, by  Wm.   B.   Hoyt. 

Paper : 

Combustion,  by  Morgan  B.  Smith. 


No.  520 

REPORT  OF  THE  COMMITTEE  ON  RESEARCH 


THE  Committee  elected  at  the  last  Annual  Meeting  was  called  together 
for  an  organization  meeting  on  March  10th  at  12.30  P.M.  at  the  En- 
gineers' Club,  New  York  City.     At  this  time  the  Chairman's  selection 
of  the  Research  Executive  Committee  consisting  of  Perry  West,  Homer 
Addams,  A.  T.  Lewis  and  G.  \V.  Martin,  together  with  the  Chairman,  was 
approved  by  the  Research   Committee.     Mr.   Perrj'  West  was  elected  Vice- 
Chairman  of  the  Research  Committee. 

The  Executive  Committee  was  authorized  by  the  Research  Committee  to 
enter  into  a  contract  with  the  U.  S.  Bureau  of  Alines,  which  contract  we 
wish  to  advise  has  now  been  attended  to  and  signed,  and  copy  is  attached  to 
this  report. 

The  Committee  approved  of  the  publication  of  a  prospectus  of  the  Bureau 
of  Research  which  was  published  practically  in  full  in  the  April  issue  of  the 
Journal,  and  has  been  reprinted  for  use  in  soliciting  funds.  A  second  edition 
has  just  been  found  necessary. 

The  Committee  authorized  the  Chairman  to  appoint  a  sub-committee  of 
five  to  be  known  as  the  Subjects  Committee,  to  determine  the  subjects  on 
which  research  should  first  be  undertaken.  The  Chairman  appointed  on  this 
sub-committee  Prof.  John  R.  McColl  as  chairman,  Prof.  S.  E.  Dibble,  H.  M. 
Hart,  Dr.  E.  V.  Hill,  Perry  West. 

The  Research  Committee  also  instructed  the  Executive  Committee  to  make 
a  contract  with  Dean  John  R.  Allen  of  the  University  of  Minnesota  to  act 
as  Director  of  the  Bureau  of  Research  and  in  accordance  with  these  instruc- 
tions the  Executive  Committee  met  Dean  Allen  at  9  A.M.  on  Thursday, 
March  27th,  at  the  Fort  Pitt  Hotel,  Pittsburgh.  In  addition  to  Messrs.  Lyle, 
Addams  and  Lewis  of  the  Executive  Committee,  Prof.  John  R.  McColl  and 
Prof.  S.  E.  Dibble  attended  this  meeting,  and  spent  the  day  in  inspection  of 
the  Bureau  of  Mines'  laboratories  and  in  consultation  with  Dean  Allen. 
A  proposition  was  made  to  Dean  Allen  which  he  took  under  advisement,  and  • 
he  later  wired  his  acceptance.  The  contract  has  been  made  with  Dean  Allen, 
and  this  has  been  signed  and  is  now  on  file  in  the  Secretary's  office. 

On  May  19th,  a  second  meeting  of  the  Executive  Committee  was  held,  to 
which  were  invited  all  the  members  of  the  Research  Committee  and  the 
Council  of  the  Society.  At  this  meeting  we  had  in  attendance  Messrs.  Homer 
Addams,  G.  E.  Bennitt,  Dr.  E.  V.  Hill,  John  R.  AIcColl,  A.  S.  Kellogg. 
Perry  West  and  J.  I.  Lyle  of  the  Committee;  President  W.  S.  Timmis  and 
Secretary  C.  W.  Obert,  and  Director  of  Research  John  R.  Allen.  This 
meeting  was  called  primarily  to  confer  upon  the  co-operation  of  the  Working 
Conditions  Service  of  the  U.  S.  Department  of  Labor  with  the  Society  in 
research  matters.  The  Working  Conditions  Service  was  represented  by  the 
Hon.  Grant  Hamilton,  Director  General;  Dr.  A.  J.  Lanza,  chief,  division 
of  industrial  hygiene  and  medicine;  Mr.  Bernard  J.  Newman,  chief,  re- 
search branch  of  that  division;  Mr.  R.  S.  Bonsib,  chief  of  the  division 
of  safety  engineering  and  Prof.  C.  E.  A.  Winslow,  who  has  been  directing 
research  in  ventilation  for  the  division  of  industrial  hygiene  and  medicine. 
Prof.  O.  P.  Hood  of  the  U.  S.  Bureau  of  Alines  was  invited  to  this  meet- 
ing, but  was  unable  to  attend. 


Presented   at  the   Semi-Annual   Meeting  of  The  American'    Society   of   IIeati.n'g  and 
Ventilating    Engineers,    Pittsburgh,    Pa.,   June,    1919. 
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A  most  pleasant  and  profitable  conference  was  held  in  which  it  was  agreed 
that  each  of  the  parties  would  feel  perfectly  free  to  call  upon  the  other  for 
any  assistance  that  might  be  expected  in  research  matters.  It  was  pointed  out 
that  no  doubt  the  Society  could  give  the  Working  Conditions  Service  a  great 
deal  of  assistance  in  technical  matters,  and  that  the  Working  Conditions 
Service  could  undoubtedly  be  of  great  use  to  the  Society  in  supplying  data 
on  actual  field  observations  on  heating,  ventilating  and  air  conditioning  plants. 
That  evening  the  Committee  had  the  pleasure  of  meeting  with  the  New  York 
Chapter  and  attending  their  annual  dinner. 

On  the  following  day,  a  meeting  was  held  of  the  Research  Executive  Com- 
mittee with  Director  of  Research  Allen  to  determine  upon  the  budget  for 
the  year,  beginning  August  1,  1919,  when  the  Research  Bureau  will  actually 
be  put  into  operation.     The  budget  is  as  follows : 

Salary  of  Director  and  assistants    $11,000 

Office  supplies    500 

Traveling  expense    1,000 

For  supplies  needed  for  investigation  of  heat $1,500 

For  ventilation   4,500 

For  subsidizing  work  in  other  institutions   1,500     7,500 

Total   $20,000 

I  desire  to  point  out  that  probably  the  most  important  resolution  of  the 
Committee  and  one  affecting  its  operation  very  materially  was  adopted  at  the 
meeting  on  March  10th,  and  reads  as  follows : 

"Moved  that  in  order  that  the  activities  of  the  Research  Bureau  shall 
be  above  reproach,  it  is  the  sense  of  the  Committee  that  no  tests,  ex- 
periments or  research  shall  be  conducted  for  compensation." 

Director  Allen  will  enter  upon  his  duties  on  Aug.  1st,  and  we  feel  sure  he 
will  be  able  to  report  to  us  very  material  progress  by  the  annual  meeting. 

In  conclusion  will  state  that  to  date  we  have  subscribed  approximately 
$18,000.  The  Bureau  of  Mines  will  contribute  in  rent,  salaries,  service,  etc., 
the  first  vear  approximately  $25,000,  and,  in  succeeding  years  probably  as 
much  as  $30,000.  Our  budget  calls  for  $20,000  for  the  first  year,  $18,000  of 
which  we  have  subscribed  at  this  time.  We  want  to  raise  at  least  $25,000  if 
possible  before  we  conclude  this  year's  quota.  We  believe  that  it  will  be  easy 
to  add  to  these  subscriptions  in  succeeding  years  after  we  have  begun  to 
show  results.  The  whole  Committee  is  more  than  pleased  at  the  way  the 
Bureau  has  been  received  and  the  liberal  manner  in  which  contributions  have 
been  made. 

J.  I.  Lyle,  Chairman, 

Committee  on  Research. 

AGREEMENT    BETWEEN    THE    UNITED    STATES    BUREAU    OF 

MINES   AND   THE   AMERICAN    SOCIETY   OF   HEATING 

AND   VENTILATING   ENGINEERS 

Where.\s,  the  Research  Committee  of  the  American  Society  of  Heating 
and  Ventilating  Engineers  proposes  to  create  an  organization  to  conduct 
scientific  investigations  relating  to  efficient  and  economical  heating  and  ven- 
tilating and  allied  subjects,  and 

Where.-vs,  the  Bureau  of  Mines  is  conducting  investigations  concerning 
the  efficient  use  of  fuels,  efficient  ventilating  and  kindred  subjects,  and 

Whereas,  the  objects  of  the  two  organizations  are  identical  or  similar 
and  the  work  of  each  would  be  supplemented  and  strengthened  by  combining 
efforts  and  opportunities, 

Therefore,  it  is  hereby  agreed  to  cooperate  in  certain  investigations  to  be 
agreed  upon  and  by  methods  to  be  amplified  in  detail  along  the  following 
lines : 

(1)  The  Bureau  of  Mines  will  furnish  at  its  Pittsburgh  plant,  office 
and  laboratory  space,  light,  power,  heat,  water,  and  other  general  facilities 
common  to  all  section  work. 
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(2)  Will  grant  the  use  of  shops,  supply  room  aud  artisan  service  on 
the  same  basis  as  other  section  work,  except  where  such  service  exceeds  the 
available  resources  of  the  Bureau.  The  Committee  may  maintain  an  employee 
under  the  sole  direction  of  the  Bureau  organization  to  supplement  these 
services. 

(3)  The  Bureau  of  Alines  will  contribute  to  the  cooperative  work  the 
advice  and  counsel  of  its  engineers  and  chemists  and  under  the  direction 
of  the  Bureau  one  fuel  engineer  at  $3,000,  one  assistant  engineer  at  $1,800 
and  one  assistant  at  $1,200. 

(4)  The  Bureau  of  Mines  will  contribute  the  use  of  such  equipment  as 
may  be  available  for  such  work.  The  title  to  property  shall  not  change  by 
its  cooperative  use. 

(5)  The  Committee  will  contribute  to  the  cooperative  work  an  organ- 
ization consisting  of  a  Director  of  Research  at  a  salary  of  $5,000  per  year 
or  more;  a  stenographer  at  $1,040,  and  Assistant  Director  at  $2,400;  and 
such  other  assistants  as  may  be  required,  and  that  the  Society  will  expend 
each  year  for  this  work  not  less  than  $15,000. 

(6)  The  Committee  organization  will  conform  to  the  same  rules  and 
regulations  of  the  administrative  officer  of  the  Bureau  as  other  Bureau 
sections. 

(7)  All  notes,  observations,  computations,  manuscripts,  and  other  work 
relating  to  cooperative  investigations  shall  be  available  and  for  the  use  of 
either  party. 

(8)  For  the  usual  cooperative  work  both  parties  shall  have  concurrent 
rights  of  publication  at  such  time  and  in  such  manner  as  shall  be  mutually 
agreed,  but  in  each  case  publication  shall  mention  on  the  title  page  or  in 
opening  paragraphs  the  work  as  being  done  under  the  cooperative  agree- 
ment between  the  Society  and  the  Bureau  of  Alines. 

(9)  Special  work  very  largely  in  the  field  of  one  party  may  be  under- 
taken by  mutual  agreement  and  as  for  exclusive  publication  bj'  one  party 
only. 

(10)  The  Chief  Mechanical  Engineer  of  the  Bureau  shall  be  ex-officio 
a  member  of  the  Research  Committee  of  the  Society.  The  Bureau  of  Alines 
shall  be  represented  on  special  committees  of  the  Research  Committee  by 
some  one  other  than  the  member  actually  engaged  in  the  investigation. 

This  agreement  shall  terminate  June  30,  1920,  or  on  sixty  days'  notice 
by  either  partj^  and  maj'  be  amended  or  renewed  year  by  year,  as  may  be 
agreed. 

(Signed)     Van  H.  Manning,  Director,  U.  S.  Bureau  of  Mines. 
Approved:  July  21,  1919.   (signed)   John  W.  Hallowell,  Asst.  to  Secretary. 
(Signed)     Walter  S.  Tim  mis,  Prc.udciit,  American  Society  of  Heating  and 
Ventilating  Engineers. 
Approtcd:  July  14,  1919,  (signed)  C.  W.  Obert,  Secretary. 
Approved  by  Research  Executive  Committee,  June  Ifi,  1919. 

(Signed)     J.  I.  Lyle,  Chairman. 


REPORT  OF  CHAIRMAN  OF  SUB-COMMITTEE  ON 

SUBJECTS 

It  is  the  consensus  of  opinion  of  the  Sub-committee,  that  we  start  out  with 
three  distinct   objects   simultaneously,  as   follows  : 

1.  Collect  and  digest  all  valuable  existing  data  from  every  available 
source,  whether  now  in  printed  form  or  otherwise.  The  purpose  of  this,  of 
course,  is  to  note  what  of  value  has  been  accomplished  and  how  much  of  it 
we  can  use  as  reliable  data  representing  progress  to  date. 

2.  Standardize  all  instruments  and  methods  of  testing.  The  purpose  of 
this  is  to  establish  uniform  conditions  of  arriving  at  conclusions,  so  that  all 
results  can  be  properly  compared,  and  to  ascertain  what  degree  of  accuracy 
all  instruments  should  give  in  order  that  the  results  may  be  reliable. 

3.  Begin  at  once  on  actual  research  work.  Among  the  Aarious  subjects  of 
major  importance  suggested  by  members  of  this  Society  and  particularly  by 
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those  who  have  been  contributors  toward  the  Research  Fund,  we  have 
selected  the  following  as  the  initial  ones  to  take  up.  In  this  connection,  it 
was  decided  that  certain  things  could  be  undertaken  in  the  Research  Labora- 
tory of  the  Bureau  of  Mines,  in  conjunction  with  this  Department  of  the 
Government,  while  other  things  could  be  carried  on,  in  parallel  with  these  or 
along  separate  lines,  in  various  outside  institutions,  particularly  universities, 
some  of  which  have  ofifered  their  laboratories  and  their  engineering  staffs 
for  this  outside  research  work.  In  conformity  with  the  suggestions  received 
from  many  of  those  interested  in  the  work,  the  Committee  decided  to  classify 
its  operations  under  the  headings  of  "inside"  and  "outside"  work. 

Under  the  classification  "inside  work,"  it  was  decided  to  undertake  the 
following  subjects: 

a.  Determine  what  constitutes  proper  ventilation ;  in  other  words,  what  are 
the  basic  air  conditions  that  contribute  properly  to  health  and  comfort. 

b.  Test  direct  radiation.  This,  of  course,  is  a  very  wide  field,  covered 
quite  thoroughly  in  some  phases  by  a  great  many  years  of  elaborate  testing 
by  Professor  Allen  and  others.  It  is  the  purpose  to  undertake  first  the 
question  of  radiant  heat  from  direct  radiators  somewhat  along  the  line  that 
Professor  Allen  has  been  conducting  tests  at  the  University  of  Alinnesota, 
in  order  to  separate  radiant  heat  from  heat  of  convection. 

c.  Make  determinations  of  infiltration.  The  methods  and  extent  to  which 
these  tests  will  be  conducted  have  yet  to  be  worked  out. 

d.  Determine  heat  losses  through  various  building  materials.  This  is  a 
large  field  upon  which  a  great  deal  of  data  more  or  less  reliable  has  already 
been  secured,  but  there  is  yet  much  definite  information  to  be  obtained. 

e.  Investigate  the  proper  sizes  of  supply  and  return  lines  for  direct  radia- 
tion. There  is  such  a  variation  in  the  present  practice,  with  a  tendency 
probably  to  over-sizes  rather  than  under-sizes,  that  reliable  information  as  to 
proper  sizes  will  be  of  great  value  to  all  concerned. 

Under  the  classification  "outside  work,"  some  universities  have  already 
ofifered  to  work  with  us  in  conducting  tests  along  the  following  lines : 

a.    Test  building  materials  for  radiation  losses  and  probably  for  infiltration. 

h.  Test  radiators  for  radiant  heat  in  our  laboratories  by  methods  similar 
to  those  purposed  above. 

c.  Tests  of  pipes  buried  in  the  ground  or  otherwise  installed  as  under- 
ground lines. 

d.  Tests  to  determine  the  conditions  in  buildings  that  constitute  proper 
ventilation. 

J.  R.  McCoLL,  Chairman, 

Sub-Committee  ox   Subjects  of  Committee  on   Research. 


DISCUSSION 

J.  R,  McCoLL : — A  great  many  have  responded,  I  am  glad  to  say, 
to  requests  to  submit  subjects.  I  presume  the  most  we  can  expect 
at  this  time  will  be  to  get  suggestions  and  comments,  and  present 
suggestions. 

One  thing  we  consider  of  prime  importance,  one  of  the  first 
things  to  do,  is  to  search  the  existing  records,  papers  and  tests 
available  and  make  a  full  digest  of  what  has  been  done  up  to  this 
time. 

We  will  grant  that,  with  the  suggestions  submitted,  we  have 
enough  here  to  keep  us  busy  for  the  first  year,  but  we  want  to 
make  a  five-year  program  if  we  can.  So  if  the  members  will  make 
further  suggestions  we  will  have  another  Committee  meeting  to 
consider  the  matter  in  its  whole  aspect. 
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The  President: — Mr.  West  has  outlined  a  very  comprehensive 
program  and  this  and  other  communications  will  serve  as  a  guide 
to  the  committee  having  charge  of  the  selection  of  work  to  be  done. 
These  suggestions  fall  into  four  classifications.  First,  a  determina- 
tion of  the  ideal  physical  conditions;  second,  a  determination  of 
the  ideal  means  for  producing  those  physical  conditions;  third,  the 
testing  of  the  apparatus  which  is  now  in  use ;  and  fourth,  a  determi- 
nation of  the  cost  of  operating  various  classes  of  apparatus. 

Reference  has  been  made  to  the  desirability  of  collating,  sifting 
out  and  publishing  the  data,  buried  in  our  archives  and  other  places. 
There  is  a  vast  amount  of  dependable  information  scattered  through- 
out our  proceedings  of  twenty-five  years,  through  textbooks,  etc., 
and  it  seems  that  it  might  be  profitable  to  have  one  of  the  early 
branches  of  the  work  take  the  form  of  collating  and  publishing 
under  the  name  of  the  Society  and  bearing  its  seal  of  approval, 
such  information  as  can  pass  the  scrutiny  of  the  Committee  and  of 
the  Director.  Such  information  would  not  necessarily  be  put  out 
as  final,  but  as  progressive,  to  be  added  to  or  modified  from  time 
to  time  as  experience  would  indicate  to  be  desirable.  In  connection 
with  this,  it  may  be  interesting  to  note  that  The  American  Society 
OF  ]\1eciiaxical  Engineers  is  now  considering  the  desirability  of 
changing  its  policy  with  reference  to  the  publishing  of  recom- 
mendations. It  may  be  wise  at  this  time  to  take  up  the  question 
of  whether  it  is  not  desirable  to  be  a  little  more  positive  and  less 
passive  than  in  the  past.  In  other  words,  the  seal  of  approval  has 
been  given  with  great  reluctance  to  any  specific  thing.  We  might 
now  consider  the  possibility  of  putting  out  information  which  may 
not  be  the  last  word  but  will  represent,  as  nearly  as  practicable, 
the  state  of  the  art  at  this  time. 

Mr.  West  may  have  something  to  say  about  the  precedence  which 
these  various  elements  of  his  recommendations  would  take  with 
the  committee. 

Perry  West  : — It  seems  to  me  that  the  foregoing  suggestions 
properly  fall  under  three  heads.  One  is  standardization,  another 
classification  and  correlation  of  data,  and  the  other,  original  research. 

W^e  do  not  have  to  go  very  far  to  see  that  there  is  an  endless 
number  of  items  under  the  head  of  standardization  and  under  the 
head  of  collection  of  data  that  are  pressing  for  attention.  At  the 
same  time  it  seems  to  me  that  the  subject  of  original  research  is  the 
more  important.  Much  standardization  and  much  collection  of  data 
must  be  accomplished,  however,  before  this  original  research  can  be 
properly  conducted  because  this  original  research  must  h^  conducted, 
not  only  here,  but  in  other  institutions  and  in  dififerent  parts  of  the 
country,  so  as  to  obtain  as  much  corroborative  data  as  possible. 
This  is  what  we  mean  to  do.  Dr.  Hill  and  other  pioneers  have 
settled  a  great  many  of  these  subjects  so  far  as  the  engineers  are 
concerned,  but  they  are  not  settled  for  the  public.  A  mass  of 
corroborative  data  is  necessary  to  settle  them. 

Now  take  the  standardization  question  as  regarding  the  ther- 
mometer  for  instance.     Thermometers   can   be   obtained  that   are 
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accurate  within  all  the  way  from  5  per  cent  to  5/100  of  1  per  cent ; 
it  is  immediately  a  question  what  grade  of  thermometer  is  necessary 
in  the  determinations  regarding  heating  and  ventilating.  That  will 
be  an  important  subject  to  study.  It  is  the  same  with  dust  counters. 
Dust  counts  are  to  be  made  on  different  buildings  and  comparative 
results  will  be  required  for  different  buildings  and  for  different 
tests.  Of  course  this  will  require  a  standard  method  of  testing 
for  dust  counters. 

The  same  with  measuring  the  velocity  of  air.  We  all  know 
that,  with  an  anemometer,  almost  any  imaginable  result  may  be 
secured  out  of  a  duct  or  register,  and  the  same  with  the  pitot 
tube.  It  is  imperative  to  get  down  to  some  standard  method  of 
measuring  such  a  simple  thing  as  the  velocity  of  air. 

Take  the  measurement  of  humidity ;  the  government  standard  for 
this  measurement  is  not  accurate  within  a  very  large  percentage. 
Sling  instrument  results  depend  altogether  on  how  fast  they  are 
slung  or  upon  the  persons  using  them.  The  results  with  the  sta- 
tionary instrument  depend  altogether  upon  how  it  is  used.  I  saw 
one  this  morning  in  the  National  District  Heating  exhibits  that 
consisted  of  two  thermometers  to  be  projected  into  a  duct,  one,  the 
wet  bulb,  and  the  other,  the  dry  bulb,  with  an  instrument  between 
to  calculate  the  relative  humidity.  Now  the  relative  humidity 
reading  obtained  will  depend  altogether  on  the  air  velocity  in  that 
duct. 

So  far  as  I  know  such  troubles  exist  with  every  standard  for 
test  determinations  we  have. 

But  while  all  these  questions  afford  a  big  field  for  the  work  of  this 
bureau,  still,  it  is  the  original  research  in  the  defining  of  proper 
heating  and  ventilating  conditions  and  the  determination  of  proper 
methods  for  maintaining  these  conditions  that  is  important  and, 
while  these  other  subjects  should  be  carried  on  simultaneously  with 
this  research  work,  they  ought  to  be  subordinated  just  as  far  as 
possible  and  considered  only  when  they  are  absolutely  necessary 
to  insure  the  results  as  far  as  the  other  questions  are  concerned. 
As  has  been  said,  the  question  we  are  rightly  interested  in  is  "what 
is  proper  heating  and  ventilating?"  Then  when  that  is  known, 
the  next  question  is  how  to  secure  it.  We  are  not  so  deeply  in- 
terested in  what  the  exact  pipe  size  shall  be  to  supply  a  heater  or 
a  radiator,  or  within  a  fraction  of  a  per  cent  of  how  much  heat  a 
radiator  or  fan  heater  will  give  off,  as  we  are  in  whether  that  fan 
is  needed,  whether  that  radiation  or  that  radiator  is  needed,  and 
the  number  actually  necessary. 

The  question  Mr.  Hart  brought  up  this  morning  about  rating 
engineers  is  a  live  one.  He  is  perfectly  right  when  he  says  that  the 
rating  of  the  operating  engineer,  whether  a  civil  service  rating  or 
a  casual  rating  that  is  not  a  technical  rating  at  all,  is  based  very 
largely  upon  how  much  coal  he  uses,  and  the  service  given  in 
heating  and  ventilating  is  not  weighed  against  that.  The  reason 
it  is  not  weighed  is  that  there  is  no  method  of  weighing  it.     The 
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public  has  no  iixed  unit  with  which  to  weigh  the  vakie  of  proper 
heating  and  ventilating  against  improper  heating  and  ventilating. 
It  does  not  know  the  social,  economic  and  commercial  value  of 
good  heating  and  ventilating. 

The  design  and  perfection  of  apparatus  should,  I  believe,  be 
left  to  the  manufacturers  for  the  present,  as  they  are  a  long  way 
ahead  of  us  when  it  comes  to  perfecting  and  producing  apparatus 
to  do  what  we  want  done. 

The  President: — Perhaps  one  of  our  members,  a  very  worthy 
member,  for  whom  we  have  a  very  high  regard,  a  man  wdio  has 
made  a  great  sacrifice  for  this  Bureau  of  Research,  should  be  heard 
from  on  this  important  subject.  I  am  going  to  take  the  oppor- 
tunity of  calling  on  Director  Allen  to  speak. 

Director  Allen  : — Undoubtedly,  as  Mr.  West  has  said,  there 
are  three  things  you  must  consider :  the  investigation  and  collec- 
tion of  data  in  regard  to  tests  that  have  been  made,  the  question 
of  standardization  and  the  question  of  research. 

Now  before  taking  up  any  particular  research  work  the  first 
thing  to  know  is  what  has  been  done  before.  That  involves,  of 
course,  a  thorough  investigation  of  previous  experiments  to  see  how 
accurate  they  have  been  and  how  reliable  they  are.  There  is  no 
necessity  of  doing  anything  that  has  been  done  before  and  done 
well.  In  such  investigation  one  ahvays  finds  a  great  many  things 
undone  that  should  be  done,  and  those  are  the  things  that  we  must 
take  up  as  our  research  problems. 

Research  work  is,  in  a  way,  very  unsatisfactory.  I  remember 
starting  an  experiment  wdiich  I  thought  would  take  me  about  three 
months.  That  same  experiment  has  beei,!  worked  on  for  about 
ten  years  and  is  only  just  started.  One  can't  tell  where  he  is  going 
to  land  when  he  starts.  So  I  bespeak  your  patience  since  there 
are  a  great  many  fundamental  questions  to  consider  that  will  take 
a  long  time  to  solve. 

In  regard  to  heating,  we  are  not  very  certain  of  even  some  of  the 
very  simple  questions.  According  to  the  textbooks  heat  transmis- 
sion through  glass  is  1.  If  you  go  into  the  laboratory  and  experi- 
ment you  will  have  quite  a  different  opinion.  We  get  heat  trans- 
mission through  glass  anywhere  from  0.6  to  3.48,  depending  on 
the  conditions. 

There  are  a  great  many  problems  coming  into  these  questions  that 
will  take  time,  careful  consideration  and  patience  to  solve.  What 
I  ask  for  above  all,  is  the  cooperation  and  the  assistance  of  the 
Society  in  carrying  on  the  work  of  research.  I  thank  the  members 
of  the  Society  for  the  compliment  in  making  me  Director  of  this 
Research  w^ork  and  trust  that  my  services  W'ill  be  satisfactory  to 
them. 

H.  M.  NbBis : — Do  I  understand  that  you  test  cast-iron  boilers 
to  find  the  efficiency? 

The  President  : — It  may  come  within  the  province  of  the  Bureau 
of  Research  to  make   certain  tests   to   determine,   not   the   specific 
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performance  of  a  specific  boiler,  but  some  of  the  characteristics  of 
boilers  in  general. 

H.  M.  Nobis: — I  think  that  is  one  of  the  weak  points,  at  the 
present  time  that  the  public  should  be  guarded  against,  the  deficien- 
cies, of  cast  iron  boilers.  A  great  many  boilers  are  manufactured 
that  are  not  suitable  and  people  use  them  that  should  not. 

J.  R.  McColl: — I  think  it  is  the  sense  of  the  Research  Committee 
that  when  such  work  is  undertaken  it  should  be  more  or  less 
thorough,  not  taking  up  one  or  two  individual  boilers  and  basing 
results  on  those,  but  undertaking  a  thorough  series  of  tests  of 
boilers  of  the  same  type  and  making  the  various  conclusions  so  as 
not  to  isolate  one  boiler  and  its  performance  from  the  performance 
of  others.  That  is  a  subject  which  I  have  no  doubt  will  be  under- 
taken. 

E.  V.  Hill: — Mr.  Perry  West  gave  a  classification  of  the 
work  that  the  Research  Committee  should  undertake  as  follows : 
correlation  of  existing  data ;  standardization  of  methods  and  in- 
struments; lastly,  research.  I  agree  with  him  that  these  three 
branches  of  the  work  should  be  undertaken  in  exactly  that  rotation. 
The  important  thing,  as  Professor  Allen  stated,  is  to  determine, 
first,  what  has  been  done  in  the  past,  that  is,  the  correlation  of 
existing  data ;  then  we  should  standardize  instruments  and  methods, 
and  lastly  proceed  with  the  research  work.  It  is  clear  to  me  that 
the  actual  research  work  is  the  third  step.  If  a  mechanic  is  asked 
to  turn  out  an  instrument  on  a  lathe  he  will  first  look  at  the  sample 
and  determine  how  it  has  been  done  in  the  past;  second,  he  will 
design  and  construct  the  tools  necessary  for  the  work,  and  lastly 
he  will  place  the  material  in  his  lathe  and  turn  out  the  instrument. 
In  this  way  he  will  make  a  good  job  of  it  provided  he  is  a  good 
mechanic.  That  is  the  exact  procedure  in  this  case.  We  must 
see  what  has  been  done  in  the  past.  We  must  examine  existing 
data  regarding  tests  and  other  work  and  make  an  historical  study 
of  our  subject,  next  standardize  our  methods  and  instruments  and 
then  we  are  ready  to  proceed  in  a  logical  manner  with  the  research 
work. 

James  A.  Donnelly: — I  have  in  mind  a  couple  of  correlative 
matters  that  I  wish  to  bring  up  at  this  meeting  on  research 
work.  One  is  the  research  work  in  the  field.  Of  course  I  under- 
stand that  we  are  going  to  have  laboratory  research,  but  perhaps 
the  subject  of  research  in  the  field  has  not  been  touched  upon. 

I  am  glad  to  see  an  appropriation  for  traveling,  because  the 
Director  of  Research  and  many  of  the  men  who  follow  research 
are  confined  to  the  laboratory  too  much,  do  not  have  a  large  enough 
field  of  view.  It  is  fine  to  get  out  among  the  larger  operators,  to 
see  the  testing  out  on  larger  plants  of  what  may  be  done  in  the 
laboratory.     Perhaps  it  may  be  possible,  at  some  time,  to  start  a 
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field  research.  The  different  chapters  of  the  Society  might  be 
called  upon  for  local  committees  for  field  research  work  and  for 
the  collection  of  data  that  might  exist  in  that  line. 

One  other  matter  comes  to  mind.  What  are  we  going  to  do 
with  all  these  data  after  collecting  them?  We  want  to  make  the 
best  use  possible  of  the  data.  We  want  to  be  of  assistance.  I 
believe  one  of  the  greatest  fields  of  usefulness  the  chapters,  the 
different  societies  throughout  the  country  can  have  is  to  start  a 
campaign  of  educational  work,  perhaps  along  rather  elementary  lines, 
to  meet  the  needs  of  those  who  have  not  had  either  wide  laboratory 
or  wide  research  experience. 

I  should  like  to  contribute  for  the  use  of  the  Research  Bureau, 
two  pieces  of  apparatus  (Fig.  1).  For  making  tests  with  thermom- 
eters in  the  field,  where  it  was  necessary  to  get  into  wrought  iron 
pipe  and  very  inconvenient  to  carry  along  drills  and  apparatus,  I 


FIG.  1.  INSTRUMENTS  PRESENTED  TO  RESEARCH  BUREAU  BY 
MR.  JAMES  A.  DONNELLY 

evolved  this  large  swedging  tool  or  center  punch,  which  we  drove 
into  the  pipe  instead  of  drilling  holes.  It  turns  down  a  little  of  the 
metal  and  gives  an  extra  thread  or  two.  We  have  also  this  thermom- 
eter with  a  nipple  reduced  to  ^4  i"-  -^  nian  who  sees  his  plant 
punched  full  of  J/2  in.  holes  thinks  a  great  deal  of  damage  has  been 
done.  I  would  recommend  that  we  make  ^  in.  holes  in  wTought- 
iron  pipe  and  plug  them  up  always. 

P.  J.  Dougherty  :- — In  reference  to  the  duties  of  the  newly 
established  Research  Bureau  we  realize  its  most  important  function 
will  be  to  establish  standards.  It  is  to  be  hoped  that  the  standards 
established  by  this  Bureau  will  be  on  a  par  with  the  one  already 
established  by  the  Boiler  Testing  Code  Committee,  which  formu- 
lated the  standard  Code  for  determining  the  actual  capacity  of  a 
heating  boiler.    There  is  a  standard  which  will  stand  the  test  of  time. 

Being  better  posted  on  the  subject  of  boilers  than  on  any  other 
aspect  of  the  heating  question,  I  shall  confine  my  remarks  to  boiler 
standards.  Our  present  boiler  code  is  subject  to  a  great  many 
refinements  and   improvements.     It  is  to  be  hoped  the  Research 
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Bureau  will  give  the  following  suggestion  some  thought  and  con- 
sideration. 

There  are  three  parties  responsible  for  the  successful  working  of 
a  heating  plant,  the  owner,  the  heating  engineer  and  the  manufac- 
turer. Because  of  the  absence  of  a  recognized  standard,  in  case 
of  trouble  with  the  heating  plant,  irrespective  of  wdiere  the  fault 
really  lies,  the  owner  blames  the  heating  contractor  and  he,  as 
a  rule,  the  boiler  manufacturer,  who  in  his  turn  accuses  the  owner, 
and  so  it  continues. 

The  bureau  should  define  the  responsibilities  of  these  three  par- 
ties. It  should  define  the  responsibilities  of  the  owner  as  to  draft, 
fuel,  care  and  operation  of  plant  and  building  construction.  What 
is  a  standard  draft  under  various  conditions,  what  is  a  standard 
and  proper  fuel,  what  are  proper  care  and  proper  methods  of 
operation,  etc.  ? 

As  regards  the  heating  contractor,  what  is  a  standard  heat  loss 
rule  under  various  types  of  building  construction?  When  the 
heating  contractor  has  complied  with  that  rule,  instead  of  com- 
pelling him  to  increase  the  size  of  a  radiator  that  heats  up  prop- 
erly, the  services  of  the  carpenter  or  plasterer  may  be  needed  to 
bring  the  building  construction  up  to  the  standard  of  the  plans 
and  specifications  and  thereby  reduce  the  heat  loss.  What  are 
standard  valve  sizes,  riser  sizes,  main  sizes,  etc.  How  far  are  the 
fitters  responsible  as  to  the  proper  setting  up  and  construction  of 
boiler,  mains,  etc.? 

As  to  the  manufacturer's  responsibility  in  rating  his  boiler,  what 
is  a  standard  length  of  firing  period  with  the  various  kinds  and 
grades  of  standard  fuels  and  the  various  types  of  buildings,  such 
as  residences,  apartments,  public  buildings,  etc.,  with  and  without 
janitor  service?  What  is  the  analysis  and  nature  of  standard  fuels? 
What  draft  intensities  are  permissible?  What  quality  of  steam 
at  outlet  under  various  overloads?  What  is  meant  by  a  firing 
period  in  reference  to  adding  fuel,  shaking  grates,  slicing,  poking, 
or  levelling  the  fire,  etc.  ? 

The  standards  for  soft  coal  must  be  different  from  those  of  hard 
coal.  As  regards  hard  coal  a  boiler  can  develop  its  rated  capacity, 
for  say  8  to  12  hr.  as  a  firing  period,  without  recharging  fuel  or 
touching  the  fire  or  grates  in  any  manner.  Because  of  the  nature 
of  soft  coal,  no  updraft  or  downdraft  boiler  could  carry  its  rating 
for  any  such  period  without  at  least  slicing,  poking  or  levelling 
the  fire. 

The  research  bureau  established  at  the  University  of  Illinois 
by  the  National  Association  of  Warm-Air  Furnace  Manufacturers 
is  doing  wonders  in  showing  the  fallacy  of  old  haphazard  rules- 
of-thumb  and  establishing  new  standards  and  in  showing  how  un- 
reliable the  anemometer  and  pitot  tube  with  its  inclined  manometer 
are  in  measuring  low  flow  velocities  as  met  in  warm-air  furnace 
practice. 

The  Chicago  Master  Fitters  Association  is  also  doing  a  great 
work  in  raising  the  standing  of  the  heating  business  and  its  mem- 
bers by  establishing  standards  of  heating  practice. 
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It  is  your  duly  as  engineers  to  establish  standards  and  thereby 
let  the  manufacturers  know  what  you  want.  You  will  always  find 
them  only  too  glad  to  meet  you  more  than  half  way.  As  to  how  the 
manufacturer  shall  design  his  apparatus  to  comply  with  your 
standards,  that  is  strictly  up  to  him,  for  the  same  reason  that  no 
reputable  engineer  would  permit  an  owner  to  dictate  to  him  how 
he  should  design  a  heating  plant  for  the  owner's  house  in  order  to 
give  the  owner  the  results  he  rightly  demands. 

It  is  to  be  sincerely  hoped  that  whatever  standards  you  establish 
^vill  stand  the  test  of  time  for  generations  to  come. 

Fr.vxk  T.  Chapm.\x  : — I  am  entirely  in  accord  with  the  line  the 
Society  is  following  and  entirely  satisfied  that  the  most  important 
subjects  will  be  taken  up  first. 

The  President  : — I  wish  to  draw  attention  to  one  of  the  rea- 
sons, I  think  the  main  reason,  that  this  Society  is  so  successful. 
We  have  with  us  to-day  not  less  than  four  past  Presidents.  That 
is  a  remarkable  record.  We  have  heard  from  two  of  them,  Dean 
Allen  and  Mr.  Lyle.  I  would  like  to  ask  Mr.  Hart  and  Mr.  Hale 
to  speak  on  this  matter  of  precedence  of  work  for  the  Research 
Bureau. 

H.  M.  H.ART : — Mr.  Donnelly  touched  on  one  point  that  appeals 
to  me  especially  and  that  was  research  work  in  the  field.  There 
might  be  a  tendency  in  the  local  chapters  to  leave  too  much  on  the 
shoulders  of  the  Research  Bureau  and  become  stagnated  in  their 
own  work.  I  can  see  that  already  in  our  Chapter,  when  subjects  are 
brought  up  for  discussion,  where  formerly  a  committee  was  appointed 
to  make  an  investigation  and  report,  we  now  say,  ''let's  refer  it  to 
the  Research  Committee.'' 

So  I  want  to  emphasize  the  importance  of  the  chapter  work.  If 
we  are  to  keep  up  the  interest  in  our  work  we  must  keep  the  chap- 
ters busy  and  they  must  do  their  part.  They  must  not  form  the 
opinion  that  the  Research  Bureau  is  going  to  do  all  the  work  for 
the  Society. 

I  believe  that  everyone  appreciates  the  fact  that  there  is  an 
endless  amount  of  work  that  can  be  done,  and  I  do  hope  that  all 
the  members  will  do  their  part  in  keeping  up  the  interest  in  this 
work,  so  that  we  may  have  more  funds  and  get  proportionately 
greater  results. 

I  have  made  it  very  clear  to  the  people  from  whom  I  have 
solicited  funds,  that  they  should  not  be  disappointed  if  at  the  end 
of  five  years  they  do  not  know  everything  there  is  to  know  about 
heating  and  ventilation.  We  hope  to  find  out  a  great  deal  that  is 
constructive,  but  we  must  not  raise  their  hopes  too  high,  as  for 
several  years  we  cannot  expect  very  much  that  will  be  along  help- 
ful lines. 

There  were  a  great  many  people  who  seemed  to  be  averse  to 
signing  a  pledge  for  five  years.  They  seemed  to  think  that  they 
wanted  to  put  up  their  money  for  the  first  year  and  then,  if  the 
results  looked  pretty  good,  to  continue.     To  such  people  I  said  that 
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there  would  be  no  results  the  first  year ;  that  if  at  the  end  of  the 
first  year  some  new  standards  of  methods  and  instruments  had 
been  adopted  and  some  research  work  already  done  had  been 
reviewed  and  approved,  they  should  be  well  satisfied.  I  hope  that 
we  will  have  the  continued  and  growing  support  of  every  concern 
that  derives  a  livelihood  from  the  heating  and  ventilating  industry. 
This  is  something  that  they  are  all  interested  in  and  we  should  be  a 
committee  of  the  whole  to  see  that  they  are  informed  of  what  this 
Research  Bureau  is  for  and  that  they  give  it  not  only  their  financial 
support  but  their  moral  support  in  every  way. 

John  F.  Hale  : — In  connection  with  the  remarks  made  by  Mr. 
Kart,  I  would  suggest  to  the  Committee  on  Research  that  they 
take  under  advisement  the  question  of  giving  to  each  chapter  the 
task  of  investigating  a  given  subject  in  the  volumes  we  have  on 
file.  If  each  chapter  were  given  the  task  of  investigating  every- 
"ihing  that  has  been  done  or  said  regarding  a  specific  subject  as 
recorded  in  our  bound  volumes  or  on  file  in  the  Secretary's  office  and 
should  then  make  a  report  to  the  Committee  on  Research  it  might 
be  of  great  value  to  them  in  determining  what  more  they  wish 
investigated  and  would  perhaps  be  a  guide  for  their  future  activities. 

S.  E.  Dibble  : — Ever  since  I  thought  of  the  Bureau  of  Research 
I  have  had  it  in  mind  as  a  vision,  an  ideal  vision,  and  I  will  tell 
you  what  appealed  to  me.  I  have  seen  coming  to  the  Director  of 
the  Research  Bureau  located  here  in  Pittsburgh  various  chapters 
and  members  of  the  Society  with  suggestions  and  with  the  results 
of  tests  that  they  have  made.  He  in  turn  has  taken  these,  gone 
over  them  and  had  them  backed  with  complete  data  and  figured  out 
correctly.  I  think  it  is  the  consensus  of  opinion  of  the  majority  of 
those  who  spoke  this  afternoon  that  we  must  get  data  and  sug- 
gestions from  the  various  members  and  chapters  and  let  the  Bureau 
of  Research  go  over  them  and  correct  them  and  make  sure  that 
they  are  absolutely  right. 

Another  idea  is  that,  after  the  scientific  results  are  figured  out 
according  to  the  best  known  instruments,  we  must  make  the  ap- 
paratus and  get  it  out  into  the  field  and  erected.  And  the  results 
will  amount  to  nothing  unless  some  kind  of  standard  is  established 
for  the  men  who  do  the  work. 

It  is  a  very  frequent  occurrence  to  find  a  piece  of  apparatus  poorly 
erected  and  wrongly  connected,  possibly  in  the  piping,  and  thus 
capable  of  destroying  absolutely  the  effects  sought.  Technical  re- 
search may  be  dependent  upon  a  steamfitter's  problem  in  making  a 
correct  connection. 

G.  E.  Ben N ITT : — I  notice  that  the  discussion  has  been  about  the 
collection  of  data,  standard  instruments  and  method  of  tests  in 
general,  but  that  no  one  particular  subject  has  been  selected.  For 
instance,  I  do  not  believe  that  all  the  existing  data  on  heating  should 
be  collected  first,  but  that  one  subject  should  be  selected  for  a  start- 
ing point  and  a  standard  method  of  test  determined  so  that  the 
field  work  that  some  of  us  are  doing  can.  be  made  available.     I 
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think  that  something  specific  should  be  taken  up  to-day  so  that 
those  of  us  who  are  doing  this  laboratory  and  field  research  work 
can  shape  our  work  toward  getting  something  done  quickly. 

The  President: — Mr.  Bennitt  is  in  a  position  to  utilize  a  well- 
equipped  laboratory  devoted  to  gas  research,  and  his  remarks  are 
very  timely.  It  niay  be  well,  however,  to  state  that  a  committee 
for  this  purpose  has  been  formed  and  that  this  committee  is  now^ 
seeking  enlightenment  on  the  wishes  of  the  Society.  It  is  seeking 
the  co-operation  and  suggestions  of  the  Society  as  a  whole  and 
doubtless  the  committee  will  make  very  specific  suggestions  and 
arrangements  for  particular  work  to  have  precedence. 

We  are  extremely  fortunate  in  having  the  co-operation  of  the 
American  Gas  Association,  the  Bureau  of  Standards,  the  Bureau 
of  Mines  and  other  organizations. 

One  very  specific  suggestion,  made  in  reference  to  Mr.  Hart's 
remarks  regarding  our  inability  to  produce  anything  the  first  year, 
is  that  we  might,  within  the  year,  publish  the  results  of  our  in- 
vestigations in  previous  years,  properly  revised  by  the  Bureau  of 
Research.  The  Director  of  the  Bureau  of  Research,  the  Committee 
on  Research,  can  thus  present  something.  It  is  true  that  it  would 
not  be  the  character  of  research  that  we  have  in  mind,  that  is,  the 
development  of  something  new,  but  it  is  research  nevertheless,  to 
classify  and  publish  the  known  dependable  characteristics  of  heat- 
ing and  ventilation. 

Frank  K.  Chew  : — I  want  to  talk  about  the  job  the  membership 
has  before  it  of  backing  up  the  work  of  the  Research  Committee. 
The  thing  that  impressed  me  at  the  Annual  ^Meeting  was  that  there 
were  only  180  out  of  800  members  of  the  Society  who  had  pledged 
themselves  to  make  contributions  to  continue  the  work.  Every 
member's  job  is,  first,  to  be  sure  he  has  done  his  duty  by  sub- 
scribing, and,  second,  to  be  sure  his  neighbor  has  done  the  same. 
The  Chairman  says  more  money  must  be  raised  and  the  Society 
owes  it  to  the  Committee  to  back  up  the  splendid  work  that  has 
been  done.  I  want  to  say  right  here  that  we  are  very  fortunate 
in  having  in  Professor  Allen  a  man  who  has  been  growing.  Every 
time  I  have  talked  to  him  he  has  had  some  new  idea  and  versatility 
is  one  of  the  things  that  we  need.  We  have  for  Director  a  live 
man,  an  up-to-date  man.  one  interested  in  all  things  going  on. 

Reverting  to  the  subject  of  finances.  I  do  not  know  what  pro- 
visions have  been  made  for  appropriations  from  the  different 
chapters,  but  it  might  be  helpful  for  the  Finance  Committee  to  say 
to  each  Chapter,  "How  much  is  your  Chapter  going  to  give?" 
Individual  chapters  already  have  done  some  work  on  collection 
lines :  they  can  do  more.  It  would  be  the  greatest  of  mistakes  to 
let  this  grand  work  get  to  this  point  and  then  stop.  We  are  now 
pledged  to  an  extent  where  we  must  "carry  on,"  as  they  said  on 
the  other  side  of  the  ocean.  We  must  not  fail.  The  Society  has 
vindicated  the  twenty-five  years  of  its  existence  in  the  accomplish- 
ment of  this  work  and  it  must  carry  it  through. 
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J.  I.  Lyle  : — Mr.  Chew  gives  me  an  inspiration.  I  have  looked 
over  this  audience  and  there  are  a  httle  over  fifty  members  here. 
We  have  about  $18,000  subscribed.  Our  budget  for  this  year  is 
$20,000.  I  turned  to  Mr.  Driscoll  and  asked  him  if  he  could  divide 
50  into  2,000  and  he  said  40.  I  said,  "Will  you  give  $40  a  year 
for  five  years?"  He  said,  "You  put  me  down  for  that.  I  will 
either  give  it  or  raise  it."  Frank  Chapman  said  he  would  do  the 
same  thing.  Who  else  will  either  undertake  to  give  $40  or  raise 
$40  for  this  Bureau  of  Research?  Stand  up,  so  we  can  count  you 
and  take  your  names.  Can't  we  get  fifty  of  you  who  will  under- 
take to  raise  $50?  We  have  one  man  in  New  York  who  has  raised 
$1,500  in  little  subscriptions.  He  has  not  a  subscription  in  that 
$],500  list  of  over  $50. 

A  Member: — Is  that  to  be  credited  to  the  chapters  as  they  go 
along? 

J.  I.  Lyi-e  : — Yes. 

A  Member: — Do  I  understand  that  this  is  to  be  for  one  year  or 
five  years? 

J.  I.  Lyle  : — Five  years,  $40  a  year  for  five  years. 

The  Member  : — I  want  to  say  that  the  Company  will  contribute 
$40  each  year  for  five  years. 

(A  number  of  other  subscriptions  were  ofifered  which  were  noted 
by  Secretary  Obert.) 

J.  I.  Lyle  : — How  many  of  you  instead  of  pledging  yourselves  to 
get  $40  will  undertake  to  raise  it  if  possible,  without  an  absolute 
pledge  ? 

(A  number  of  members  raised  their  hands.) 

J.  L  Lyle  : — We  have  15  that  pledge  $40  and  we  have  6  that 
will  if  they  can. 

E.  V.  Hill:— Mr.  Chairman,  may  I  suggest  that  some  sort 
of  literature  or  prospectus  be  provided  for  the  members  and  other 
ways  and  means  of  introducing  this  subject  to  people  whom  they 
wish  to  interest? 

The  President  : — Such  a  document  has  been  distributed.  The 
Philadelphia  Chapter  was  forwarded  200  of  those  documents.  There 
is  a  new  edition  of  them  now  printed  and  we  are  in  position,  so  the 
Secretary  announces,  to  distribute  additional  copies.  Just  write 
for  them. 
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REPORT  OF  COMMITTEE  ON  SCHOOL  HOUSE 

STANDARDS 

YOUR  Committee  appointed  to  cooperate  with  the  Committee 
of  the  National  Education  Association  on  Standardization  of 
School  House  Planning  and  Construction  presents  the   fol- 
lowing report  of  progress : 

One  of  the  more  important  matters  before  the  Committee  of  the 
National  Education  Association  has  been  the  definitions  and  stand- 
ards for  types  of  school  house  building  construction.  The  defini- 
tions which  follow  have  been  accepted  by  Committees  of  the  Asso- 
ciation of  School  Accounting  and  Business  Officials  of  Public 
Schools,  National  Fire  Protection  Association  and  the  American 
Institute  of  Architects. 

Types  of  School  House  Building  Construction. 

1.  Class  A.  A  building  constructed  entirely  of  fire  resistive  ma- 
terials, including  its  roof,  windows,  doors,  floors  and  finish. 

2.  Class   B  construction  means  a  building  of  fire  resistive  con- 

struction in  its  walls,  floors,  stairways,  and  ceilings,  and  with 
wood  finish,  wood  or  composition  floor  surface  and  wood  con- 
struction over  fire-resistive  ceiling. 

3.  Class  C  construction  means  a  building. with  masonry  walls,  fire- 

resistive  corridors  and  stairways,  but  with  ordinary  construc- 
tion otherwise,  i.e.,  wooden  joists,  partitions,  roof  and  finish. 

4.  Class  D  construction  means  a  building  with  masonry  walls  but 

otherwise  ordinary  or  joist  construction  and  wood  finish. 

5.  Class  E  construction  means  a  frame  building  with  wood  above 

foundation,  with  or  without  slate  or  other  semi-fire-resistive 
material  on  roof. 
Note. — From  a  life  safety  standpoint  Class  B  buildings  may  be  grouped 
with  those  of  strictly  fire-resistive  construction, 

Next  in  importance  we  would  place  the  rules  which  have  been 
framed  for  measuring  a  school  house  plan.  These  rules  numbering 
twenty  are  as  follows  : 

1.  Every  foot  of  space  of  the  area  of  the  building  is  to  be  in- 
cluded in  the  tabulation.  The  sum  of  the  areas  of  the  base- 
ment and  each  floor  is  called  100  per  cent.  Tabulations  are 
to  be  checked  until  the  sum  of  the  various  space  items  check 
within  Yz  oi  1  per  cent  of  the  total  area. 

2.  Line  of  measurement  for  area  of  all  floors  is  to  be  taken  at  the 
outside  of  exterior  walls.  Deduct  all  recesses  which  are  the 
full  story  height. 
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3.  The  area  of  basement  floor  is  to  be  measured  from  same  line 
as  outside  wall  of  first  floor. 

4.  Compute  each  floor  and  mezzanine  separately. 

6.  The  area  of  light  wells,  courts,  air  shafts,  etc.,  are  not  to  be 
included  in  floor  areas. 

6.  Areas  of  arcades,  open  porches,  uncovered  corridors,  pergolas 

and  open  air  theatres  or  auditoriums,  are  to  be  figured  sep- 
arately. 

7.  In  rooms  and  auditoriums,  which  extend  through  more  than 
one  story,  the  area  of  such  space  shall  be  deducted  from  the 
floor  or  floors  through  which  it  extends. 

8.  In  the  case  of  an  assembly  hall  or  gymnasium  which  has  a 
balcony,  the  area  of  such  balcony  shall  be  taken  separately. 

^.  In  figuring  walls  or  partition  areas,  no  door  or  window  open- 
ings shall  be  deducted  but  the  wall  shall  be  figured  solid  as 
though  no  openings  occurred. 

10.  Exterior  walls  and  interior  partitions  are  to  be  figured  the 
finished  thickness  including  any  lath  and  plastering. 

11.  Large  piers  occurring  in  rooms  are  to  be  deducted  from  floor 
areas  and  added  to  wall  areas. 

12.  Flues  are  to  be  figured  to  include  all  surrounding  walls  and 
partitions  except  interior  walls  and  partitions  figured  under  10. 

13.  Chimneys  are  to  be  figured  in  as  flue  areas. 

14.  Where  closets  or  bookcases  or  dead  spaces  occur  in  a  bank  of 
flues,  they  are  to  be  figured  in  as  flue  area. 

15.  Stairs  extending  a  full  story  in  height  are  to  be  taken  as  stair 
area.  Steps  not  a  full  story  in  height  are  to  be  taken  as  part 
of  the  floor  area  of  the  room  or  corridor  in  which  they  occur. 

16.  Area  of  each  individual  space  is  to  be  taken  separately  in 
accordance  with  schedule. 

17.  Wardrobes  are  figured  inside  the  walls. 

18.  Rooms  having  wall  cabinets  are  to  be  figured  from  partition 
walls.     Cabinets  are  to  be  included  with  the  room. 

19.  Waiting  spaces,  closets,  supply  rooms,  toilets,  etc.,  in  connec- 
tion with  offices  shall  be  included  with  the  office  areas. 

20.  Toilets,  showers,  storage  rooms,  supply  rooms,  etc.,  when  con- 
nected with  a  main  division  shall  be  taken  separately  but  be 
included  with  the  total  area  of  that  division. 

After  the  above  rules  were  decided  upon  the  National  Education 
Association  Committee  measured  and  tabulated  150  school  buildings, 
situated  in  26  states,  as  follows : 

California  New  Jersey  Minnesota 

Connecticut  New  York  Missouri 

Delaware  North  Dakota  Pennsylvania 

Florida  Ohio  Texas 

Illinois  Oregon  Utah 

Indiana  Maine  Vermont 

Kansas  Maryland  Washington 

Nevada  Massachusetts  Wisconsin 

New  Hampshire  Michigan 

After  the  floor  plans  had  been  tabulated  it  was  necessary  to 
decide  upon  the  main  divisions  of  the  plan  and  under  which  division 
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the  various  departments  should  be  grouped.  Educators  and  archi- 
tects have  agreed  upon  six  main  divisions  of  floor  space,  also  upon 
the  relative  value  of  each,  expressed  in  the  percentage  of  the  total 
floor  space  which  should  be  allotted  to  it,  calling  the  total  floor  area 
100  per  cent.    These  divisions  with  their  values  are: 

Administration   not  over  13  per  cent 

Instruction    not  less  than  50  per  cent 

Accessories   not  over  3  per  cent 

Stairs  and  Corridors.  .  .not  over  20  per  cent 

Flues    not  over  5  per  cent 

Walls  and  Partitions.  .  .not  over  10  per  cent 

Administration  includes  the  rooms  for  all  officials,  instructors, 
medical  department,  service  and  storage  rooms,  general  wardrobes, 
sanitaries,  and  the  space  used  for  the  heating  and  ventilating  appa- 
ratus.   It  should  not  be  over  12  per  cent  of  the  total  floor  area. 

Flues  include  all  vertical  flues  for  conveying  air  and  gases.  They 
are  determined  in  size  by  natural  laws  which  call  for  certain  dimen- 
sions under  fixed  conditions  to  give  a  pre-determined  air  move- 
ment laid  out  by  the  heating  and  ventilating  engineer.  They  should 
not  be  over  5  per  cent  of  the  total  floor  area. 

The  Associate  Committee  of  Engineers  studied  the  Tabulations 
of  the  National  Education  Association  Committee  and  found  there 
was  a  wide  variation  in  the  use  of  floor  space  in  the  various  states. 
One  might  assume  that  dift'erent  state  rules  and  regulations  would 
account  for  the  variation  from  coast  to  coast.  But  state  boundaries 
enclosed  similar  variations  in  the  percentage  of  floor  areas. 

It  has  been  mentioned  that  heating  and  ventilating  were  included 
under  Administration.  A  separate  tabulation  was  made  in  a  num- 
ber of  schools  of  the  space  devoted  to  the  various  departments  of 
heating  and  ventilation  and  the  results  obtained  follow  to  show  the 
findings  in  this  division. 

TABLE  1.  PERCENTAGE  OF  FLOOR  AREA. 

Heating  and 

State                                                               Number        Ventilating  Flues 

Illinois    16  12.5  1.42 

Minnesota     25  10.54  0.62 

New  Jersey   44                    9.73  1.88 

Illinois    13  15.0  2.18 

Ohio   77                   8.4  9.2 

New  York    40                    5.0  0.70 

Pennsylvania    108                     7.30                  

Minnesota    28                     9.00  0.73 

Massachusetts    63                    S.OO  0.89 

Ohio 33                   7.00  1.66 

Wisconsin   15                     6.20  0.94 

Pennsylvania    110  11.00  2.23 

North    Dakota    105                    8.00  3.83 

Pennsylvania    SO                     8.49  1.48 

Missouri     99                     3.50  0.92 

New  York    39                    7.91  4.58 

Massachusetts    68                     5.70  2.89 

Minnesota    101                     6.00  1.54 

Connecticut     7Z                     7.00  1.11 

Massachusetts    59                     7.70  5.91 

Pennsylvania    3                     7.15  2.78 
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Number 

Vermont    69 

Ohio 84 

Connecticut  62 

New  Jersey    42 

Minnesota     30 

Ohio 85 

New   York    11 

Minnesota    26 

Massachusetts    70 

New   York   38 

New  York    21 

Michigan  2)1 

Utah   12 

Florida  8 

Massachusetts    57 

Florida     5 

Ohio 87 

Ohio 35 

Pennsylvania    100 

Ohio    88 

Massachusetts    55 

Indiana    1 

Massachusetts    58 

Missouri    78 

Massachusetts 72 

Massachusetts    56 

Ohio    76 

Minnesota    4 

California    43 

Florida 10 

Pennsylvania    51 

Illinois 98 

Missouri    2 

Washington    92 

Ohio    90 

Oreon     53 

Delaware     52 

Texas     102 

Massachusetts    54 

New  Jersey 93 

Illinois 104 

New  Jersey   96 

Illinois     45 

Florida     6 

New   York    18 

New    Hampshire    60 

Florida     7 

New  York    20 

Massachusetts    61 

Minnesota    80 

Florida     9 

Illinois     46-Q 

Minnesota     29 

Michigan     36 

Illinois     48 

Illinois    47 

Texas    1  ^3 

Pennsylvania    79 


Average 


Heating  and 

Ventilating 

Flues 

5.72 

2.73 

5.70 

1.95 

8.70 

3.39 

7.70 

1.32 

4.43 

2.17 

7.40 

3.01 

7.00 

0.58 

7.80 

1.63 

6.40 

4.23 

10.57 

0.% 

4.95 

O.GO 

5.82 

1.53 

7.80 

0.90 

2.83 

0.01 

4.80 

3.75 

3.00 

1.11 

4.50 

1.25 

4.80 

1.86 

5.50 

1.71 

3.00 

1.19 

4.50 

3.21 

7.40 

1.67 

4.50 

4.54 

5.20 

1.14 

5.50 

2.39 

4.60 

3.01 

6.00 

3.25 

4.50 

5.15 

2.20 

1.64 

1.50 

1.12 

2.18 

2.72 

2.39 

2.63 

3.58 

2.86 

1.80 

3.20 

1.90 

0.64 

5.00 

0.41 

4.50 

1.76 

3.27 

4.80 

4.48 

5.63 

5.4 

1.66 

3.01 

O.GO 

3.80 

1.00 

3.7q 

0.75 

2.97 

1.03 

4.50 

0.73 

4.20 

1.94 

3.35 

0.82 

6.00 

1.00 

4.50 

2.90 

3.50 

2.25 

2.58 

0.89 

3.85 

0.64 

2.87 

0.89 

0.89 

0.60 

3.40 

1.19 

3.45 

1.04 

1.52 

0.13 

1.52 

2.26 

426.64 

156.98 

5.4 

1.98 

Report  of  Committee  on  School  House  Standards  237 

There  seems  to  be  no  rule  or  system  among  architects  or  engi- 
neers for  deciding  the  amount  of  floor  area  given  to  the  heating 
plant  or  to  the  space  devoted  to  the  flues  and  ducts.  The  average 
per  cent  is  5.4  for  area  devoted  to  the  heating  and  ventilating  plant 
and  1.98  to  the  area  given  to  the  flues,  giving  a  total  of  7.38  per 
cent  of  the  entire  area  for  the  average  space  occupied  by  the  heat- 
ing and  ventilating  plant. 

Mr.  C.  B.  J.  Snyder,  architect  for  the  School  Board  of  the  City 
of  New  York,  who  is  a  member  of  the  National  Education  Asso- 
ciation Committee  and  who  has  designed  many  of  the  best  school 
buildings  in  the  country,  is  inclined  to  the  opinion  that  10  per  cent 
of  the  total  area  should  be  given  to  the  heating  and  ventilating 
plant.  New  York  City,  however,  provides  for  an  unusually  large 
coal  supply  which  would  have  a  considerable  bearing  on  the  area 
allowed  to  heating  and  ventilating  space. 

Mr.  John  Howatt,  chief  engineer  of  the  Board  of  Education  of 
Chicago,  who  is  a  member  of  our  Committee,  has  checked  up  sev- 
eral of  the  typical  schools  of  that  city.  Mr.  Howatt  finds  that  the 
largest  total  area  for  heating  and  ventilating  in  the  schools  checked 
was  7.25  per  cent  of  the  total  building  floor  area. 

The  floor  space  devoted  to  heating  and  ventilating  was  then 
studied  separately  in  a  number  of  High  Schools.  Here  more  unity 
was  found  than  in  the  general  tabulation.  The  findings  of  this 
separate  study  are  as  shown  in  Table  2. 

It  is  of  interest  that  the  per  cent  space  given  to  the  boiler  room 
and  coal  pocket  shown  by  the  tabulation  of  Junior  High  Schools 
is  surprisingly  close,  barring  two  buildings,  one  in  Minnesota  and 
one  in  Pennsylvania,  and  that  the  boiler  and  coal  room  in  two 
Junior  High  Schools  with  the  rate  of  second  and  fifth  place  for 
education,  allow  1.73  per  cent  for  boiler  room  and  0.85  per  cent 
for  coal  in  a  school  situated  in  Florida,  while  1.78  per  cent  is  given 
to  the  boiler  room  and  0.65  per  cent  for  coal  in  a  school  situated  in 
Minnesota. 

School  superintendents  and  school  business  officials  are  beginning 
to  analyze  the  floor  space  of  their  school  buildings,  because  floor 
space  means  money,  and  criticism  would  surelv  follow  if  in  a  build- 
ing costing  $100,000  it  was  found  that  from '$3,000  to  $5,000  had 
been  needlessly  expended  for  the  heating  and  ventilating  system. 

It  is  undoubtedly  true  that  many  engineers  have  been  forced  to 
plan  the  heating  plant  for  space  areas  unsuited  to  the  purpose. 

The  heating  engineer  should  have  something  to  say  about  the 
floor  area  he  will  need.  He  should  have  proper  space,  in  a  proper 
position,  for  his  heating  apparatus  and  the  engineer  should  have 
data  at  hand  so  that  he  might  speak  with  authority  to  the  school 
official  on  this  required  space. 

Frank  Irving  Cooper,  Chairman, 


Committee  ox  School 
House  Standards  : 


John  D.  Cassell, 
John  Howatt, 
Robert  J.  Mayer, 
Frank  G.  McCann. 
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No.  522 

REPORT  OF  COMMITTEE  TO  CONFER  WITH 
THE  WEATHER  BUREAU 

A  report  of  the  Weather  Bureau  Committee  of  Eastern 
Pennsylvania  Chapter  zvas  presented  at  the  1919  Annual 
Meeting  {see  page  20'J),  which  indicated  the  importance 
of  further  consideration  of  the  question  of  proper  humid- 
ity readings  from  the  various  stations  of  the  Weather 
Bureau,  and  as  a  result  of  the  discussion  which  followed, 
a  committee  of  the  Society  zvas  appointed  to  continue  the 
representations  that  had  been  initiated  by  the  Committee 
of  Eastern  Pennsylvania  Chapter. 

The  Committee  appointed  to  confer  with  the  Weather  Bureau,  desires  at 
this  time  to  report  progress. 

An  all  day  meeting  was  held  in  Philadelphia  April  15th,  at  which  all  the 
members  were  present,  and  a  communication  to  Prof.  C.  F.  Marvin,  Chief 
of  the  U.  S.  Weather  Bureau,   was  drafted. 

Your  Chairman  called  on  Prof.  Marvin  in  Washington,  May  13th,  pre- 
sented the  communication  and  discussed  matters  with  him  at  length.  Prof. 
Marvin,  in  his  usual  courteous  manner,  stated  that  he  fully  appreciated  the 
importance  of  all  suggestions,  and  expressed  his  willingness  to  co-operate  with 
us  within  his  limitations.  He  pointed  out  that  the  Department  as  a  result 
of  previous  conferences,  had  for  over  two  year,s,  maintained  records  in 
Washington  from  various  stations,  of  dry  and  wet  bulb  temperature  readings, 
dew-point  temperatures  and  vapor  pressures,  but  owing  to  the  war  condi- 
tions, these  readings  had  not  been  published. 

It  is  the  understanding  of  your  Chairman  that  the  fiscal  year  of  the 
Department  begins  July  1st,  and  as  the  appropriation  for  the  new  fiscal  year 
was  made  before  the  Armistice  was  signed,  it  is  evident  that  the  appropria- 
tion was  made  with  a  view  towards  strict  economy  so  that  the  Department 
the  coming  year  will  operate  short  of  help  and  short  of  cash,  permitting  no 
extra  expense. 

_  Answering  our  Committee's  letter  of  May  12th,  w-e  received  a  communica- 
tion from  Prof.  Marvin  dated  May  21st,  a  study  of  which  indicates  in  a 
large  measure,  the  acceptance  of  the  Committee's  suggestions  with  promises 
of  important  changes  in  the  daily  and  monthly  Weather  Reports,  and  with 
great  possibilities  for  further  developments  in  the  future. 

The  Committee  hopes  to  make  further  report  of  progress  at  the  next 
Annual  Meeting, 

Respectfully  submitted, 

Wm.  G.  R.  Ba.\EMER,  Chairman. 

Note: — The  letters  above  referred  to,  of  May  12  and  21,  are  quoted  in  an 
Appendix  to  this  Report,  together  with  an  acknowledgment  dated  May  27. 


Presented   at   the    Semi-Annual   Meeting  of   The   American    Society   of   Heati.vg  and 
Ventilating   Engineers,  Pittsburgh,  Pa.,  June,    1919. 
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APPENDIX 

May   12,   1919. 

Prof.  C.  F.  Marvin, 
Chief  of  Weather  Bureau, 
U.  S.  Dept.  of  Agriculture, 
Washington,  D.  C. 

Dear  Sir : 

The  moisture  content  of  the  air  vitally  affects  the  manufacturing  processes 
of  more  than  one  hundred  different  industries  in  the  United  States.  These 
industries  include  the  Textile,  Metallurgical,  Chemical,  Leather,  Food  and  all 
those  employing  drying  processes. 

Increasing  numbers  of  manufacturers  are  constantly  applying  to  members 
of  the  American  Society  of  Heating  and  Ventilating  Engineers  for  assistance 
in  meeting  their  problems  in  connection  with  atmospheric  conditions. 

This  subject  has  become  so  important  that  the  American  Society  of  Heating 
and  Ventilating  Engineers  at  its  Annual  Meeting  in  January,  1919,  appointed  a 
Committee  to  study  the  reports  furnished  by  the  U.  S.  Weather  Bureau,  in 
relation  to  the  needs  of  the  manufacturers,  and  to  formulate  such  suggestions 
as  might  be  helpful,  without  unduly  modifying  the  present  system  of  the 
Weather  Bureau. 

This  Committee  finds  that  certain  information  now  published  is  misleading, 
and  that  some  vital  facts  cannot  be  obtained  from  the  reports. 

Relative  humidity  readings  which  are  not  coupled  with  simultaneous  tem- 
perature readings,  cannot  be  used  to  determine  the  actual  moisture  content 
and  evaporative  temperature,  which  are  important  to  the  manufacturer. 

A  collection  of  reports  from  observation  stations  throughout  the  United 
States  shows  a  national  and  regional  lack  of  uniformity  both  in  form  and 
in  contents. 

Climatic  data  obtained  from  observations  in  the  hearts  of  great  cities 
cannot  be  accurately  applied  to  the  outskirts  and  adjacent  industrial  towns. 

This  Committee  therefore  requests  the  Weather  Bureau  to  consider  the 
following  recommendations : 

1st:  That  simultaneous  readings  of  wet  and  dry  bulb  temperatures  be  taken 
and  recorded  in  the  permanent  records  of  each  observation  station. 

2nd :    That  when  reports  are  published  in  the  daily  newspapers,  they  include 
,  simultaneous  wet  and  dry  bulb  temperature  readings. 

3rd :  That  these  observations  for  permanent  record  be  made  at  8  a.  m., 
2  p.  m.  arid  8  p.  m. 

4th :  That  relative  humidity  readings  as  at  present  published,  be  omitted, 
as  they  are  misleading  to  the  industries,  and  to  the  general  public,  and 
cannot  be  used  to  accurately  determine  atmospheric  conditions. 

5th :  That  standard  forms  of  daily  and  monthly  reports  covering  simul- 
taneous wet  and  dry  bulb  temperature  readings  be  adopted  for  all  observa- 
tion stations.  To  these  reports  may  be  added  such  regional  data  as  may 
appear  advisable. 

6th :  With  a  view  toward  greater  accuracy,  and  more  useful  industrial  in- 
formation, it  would  be  desirable  to  establish  points  of  observation  away 
from  the  congested  districts  of  large  cities,  as  fabrication  and  manu- 
facturing processes  are  usually  carried  on  in  the  outskirts,  and  in 
adjacent  towns  which  look  to  the  city  for  their  climatic  data. 
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It  is  the  conviction  of  this  Committee  that  if  these  recommendations  can 
be  followed,  the  service  rendered  by  the  Weather  Bureau  to  the  industries 
and  to  the  general  public  will  be  greatly  increased  in  value. 

Respectfully  submitted, 

Wm.  G.  R.  Braemer,  Chairman. 
F.  F.  Bahnson, 
W.  H.  Carrier, 
H.  P.  Gant, 
E.  T.  Murphy. 


United  States  Department  of  Agriculture, 

Weather  Bureau, 

Office  of  the  Chief, 

Washington,  D.  C,  May  21,  1919. 
Mr.  Wm.  G.  R.  Braemer, 

Philadelphia,  Pa. 

Dear  Sir: 

Acknowledging  the  letter  of  May  12,  signed  by  yourself  and  other  members 
of  the  committee  appointed  by  the  American  Society  of  Heating  and  Venti- 
lating Engineers,  and  presented  by  you  personally,  relative  to  the  moisture 
content  of  the  air,  I  wish  to  say  that  this  has  received  my  very  careful  con- 
sideration. As  indicated  to  you  at  the  time  of  your  visit,  the  original  records 
of  the  Bureau  for  at  least  two  years  or  more  past  contain  tri-daily  readings 
of  the  wet  and  dry  bulb  temperatures  at  all  the  Weather  Bureau  stations, 
which  observations  are  taken  at  the  hours  of  8  A.  M.,  12  noon  and  8  P.  M. 

Careful  consideration  of  the  question  of  observations  at  2  P.  M.  in  lieu 
of  observations  at  noon  leads  to  the  conclusion  that  the  Weather  Bureau  is 
not  justified  in  changing  this  hour,  as  to  do  so  would  materially  increase  the 
amount  of  work  required  to  secure  the  later  observations  and  would  not  be 
accompanied  by  any  corresponding  benefit  or  accuracy  in  the  midday  humidity 
measurements. 

The  foregoing  remarks  apply  particularly  to  1  and  3  of  the  committee's 
recommendations. 

With  reference  to  the  recommendation  to  secure  the  printing  of  simul- 
taneous wet  and  dry  bulb  readings  in  the  newspapers,  the  Weather  Bureau 
will  be  glad  to  submit  this  information  to  the  papers,  but  it  will  remain  for 
the  latter  to  determine  whether  or  not  they  will  publish  it  as  submitted. 

With  reference  to  recommendation  No.  4:  We  recognize  the  inadequacy 
of  the  quantity,  relative  humidity,  in  meeting  certain  engineering  purposes, 
and  we  will  bear  this  matter  in  mind  in  determining  the  manner  in  which 
the  moisture  condition  of  the  atmosphere  will  be  presented  in  the  publications 
the  Weather  Bureau  prepares  in  the  future,  and  I  hope  that  the  appearance  of 
this  information  later  on  will  be  in  a  form  to  better  serve  the  needs  of 
the  ventilating  and  heating  engineers.  The  standardization  of  all  the  pub- 
lications of  the  Weather  Bureau  is  constantly  the  subject  of  consideration 
by  us  and  is  gradually  being  accomplished  as  fully  as  the  very  wide  and 
diverse  requirements  and  limited  facilities  permit. 
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Finally,  with  reference  to  recommendation  No.  6,  covering  possible  dif- 
ferences between  rural  and  urban  atmospheric  conditions,  I  can  only  say  that 
some  of  the  most  valuable  activities  of  the  Bureau  make  it  impossible  to 
remove  our  observing  stations  from  the  centers  of  large  cities,  and  limited 
funds  prevent  the  maintenance  of  duplicate  stations  near  each  other.  Steps 
have  already  been  taken  in  a  few  large  cities  to  secure  systematic  observa- 
tions under  rural  conditions,  and  doubtless  this  poHcy  will  be  extended  in 
the  future  as  far  as  funds  permit. 

In  conclusion,  I  wish  to  assure  you  and  your  committee  of  the  apprecia- 
tion by  the  Weather  Bureau  of  the  value  placed  by  you  on  our  service  and 
activities  referred  to  in  the  foregoing,  and  to  assure  you  that  it  is  our  earnest 
desire  and  intention  to  conduct  this  work  in  a  manner  that  will  be  most 
effective  and  at  the  same  time  come  within  our  limitations. 

Very  respectfully, 

(Signed)     C.  F.  MARVIN, 

Chief  of  Bureau. 


May  27,   1919. 
Prof.  C.  F.  Marvin, 
Chief  of  Weather  Bureau, 
U.  S.  Dept.  of  Agriculture, 
Washington,  D.  C, 

Dear  Sir: 

As  Chairman  of  the  Committee  appointed  by  the  American  Society  of 
Heating  and  Ventilating  Engineers  to  confer  with  you,  I  desire  to  thank 
you  for  your  willingness  to  co-operate  with  us  as  expressed  during  our 
personal  interview  in  your  office  May  13th,  and  as  evidenced  by  your  letter 
of  the  21st  instant. 

Your  communication  will  be  submitted  as  a  preliminary  report  to  the 
Society  at  its  Semi-Annual  Meeting  in  Pittsburgh,  June  10th  to  12th, 
and  we  will  await  with  interest,  developments  of  the  proposed  changes. 

Hoping  that  this  Committee  will  be  able  to  make  a  further  report  to  the 
Society  at  its  Annual  Meeting  in  New  York  next  January,  I  am. 

Very  respectfully, 

Wm.  G.  R.  Braemer,  Chairman. 
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REPORT  OF  COMMITTEE  TO  CO-OPERATE 
WITH  U.  S.  NAVY  DEPT. 

Part  I 

Heating,  Ventilation  and  Humidification  of  Battleships  and 

Submarines 

THIS  Committee  was  appointed  in  1917  by  President  J.  I.  Lyle, 
for  the  purpose  of  investigating  the  above  subjects  as  out- 
lined in  letters  received  from  Admiral  D.  W.  Taylor  and 
Admiral  R.  H.  Wright,  Acting  Chief  of  Bureau  of  Steam  Engineer- 
ing, bearing  dates  of  May  4,  1917,  and  May  8,  1917,  respectively.  The 
Committee  received  in  the  early  part  of  June,  1917,  a  set  of  17  blue 
prints  and  other  documents  covering  the  complete  working  plans  for 
ventilation  of  the  U.  S.  S.  Pennsylvania;  Section  U-19  of  the  Gen- 
eral Specifications.  Edition  1917,  Ventilation ;  Instructions  for  Cal- 
culating and  Testing  Ventilation  Systems,  Appendix  8,  General 
Specifications ;  General  Specifications  for  -Auxiliary  Electrical  Ap- 
pliances on  Shipboard,  No.  17A3c,  Edition  1916 ;  Methods  Employed 
by  the  Bureau  of  Construction  and  Repair  in  Designing  Ventilation 
Systems:  Book  of  General  Information,  U.  S.  S.  Pennsylvania. 

The  Committee  studied  the  above  data  and  arrangements  were 
made  through  the  courtesy  of  Admiral  Taylor  for  a  visit  to  the 
Norfolk  Navy  Yard  which  was  made  on  June  17th  and  18th,  1917. 
The  Committee  was  met  by  Naval  Constructor  E.  G.  Kintner  and  in- 
troduced to  Captain  Hoogelwerf.  U.  S.  S.  Pennsylvania,  Dr.  Samuel 
Sayer  and  Naval  Constructor  Watts.  Captain  Hoogelwerf  presented 
the  Committee  with  a  memorandum,  file  2487,  dated  June  1st.  1917. 
covering  the  water  tightness  of  compartments  and  air  testing  of 
ships  in  commission,  issued  by  Admiral  H.  T.  Mayo,  and  directing 
attention  to  the  necessity  for  extreme  care  in  the  maintenance  of 
water  tight  subdivisions  as  indicated  by  the  experiences  of  other 
vessels  in  action,  due  to  the  existence  of  poisonous  gases  caused  by 
the  bursting  of  "enemy  shells." 

The  Committee  made  a  thorough  inspection  of  the  U.  S.  S.  Penn- 
sylvania and  discussed  the  ventilating  system  with  the  various  of- 
ficers, after  which  a  meeting  was  held  in  Norfolk,  the  conditions  re- 
viewed, and  the  following  summary  made  : 
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1.  No  Ducts  Through  Bulkheads.  In  the  naval  engagement  off 
Jutland,  the  Germans  are  reported  to  have  fired  "poison  gas"  shells, 
some  of  which  exploded  inside  the  superstructure  of  some  of  the 
ships  in  which  were  located  the  ventilating  fans.  The  ducts  for 
convey-ing  the  air  from  such  fans  to  other  and  remote  compartments, 
passed  through  the  bulkheads,  thus  conveying  the  poisonous  gases  to 
parts  of  the  ship  not  otherwise  directly  affected  by  the  explosion. 

As  a  result  of  this,  it  is  reported  that  orders  have  been  issued  by 
the  English  Admiralty  to  disconnect  all  ducts  when  they  pass  through 
bulkheads,  stop  up  the  holes  and  put  blank  flanges  on  the  ends  of  the 
ducts.  In  other  words  the  ventilating  systems  are  put  out  of  com- 
mission during  the  zvar. 

We  recommend  that  the  \entilating  systems  on  L'.  vS.  Shijjs  be  split 
up  into  smaller  units,  one  for  each  compartment  between  bulkheads, 
on  each  deck.  Running  ducts  vertically,  instead  of  laterally,  will  be 
no  improvement  as  the  ducts  would  then  pass  through  the  decks 
instead  of  the  bulkheads.  Air  can  be  carried  down  to  supply  the 
blower  intakes  through  suitable,  heavy  steel  air  shafts  fitted  wuth 
emergency  dampers,  which  can  be  quickly  closed  to  cut  off  the  sys- 
tems, should  it  be  found  necessary. 

2.  Higher  Fan  Outlet  Velocities.  Higher  outlet  velocities  at  the 
fan  could  be  employed  to  advantage  in  many  cases,  particularly  if  the 
system  is  split  up  into  smaller  units.  This  will  make  the  fans  smaller 
and  lighter  in  weight  and,  owing  to  the  high  speed  at  which  the  fans 
will  run,  will  in  most  cases  make  a  considerable  reduction  in  the 
weights  of  the  motors. 

3.  Higher  Velocities  in  Ducts.  It  is  questionable  whether  the 
velocities  in  the  ducts  should  be  increased  above  the  present  stand- 
ards. In  some  compartments  it  could  be  done  without  discomfort, 
thus  saving  space  and  weight.  In  others,  it  might  be  advantageous 
to  make  it  even  slower  to  avoid  drafts. 

4.  Reversible  Air  Movement  at  Fan.  A  fan  built  so  the  air 
current  in  the  ducts  can  be  immediately  reversed  by  throwing  a 
lever  through  an  arc  of  90  deg.,  should  largely  overcome  the  objec- 
tion that  the  fans  blow  gases  from  one  compartment  to  another.  If 
any  of  the  intake  connections  should  be  broken  by  shell-fire  or 
otherwise,  reverse  the  lever,  and  the  fan  becomes  an  exhaust  fan 
instead  of  a  blower,  without  stopping  the  fan  or  reversing  its  direc- 
tion of  rotation. 

Fig.  1  shows  such  a  design.  Hundreds  of  these  have  been  built 
for  ventilating  metal  mines.  The  fan  acts  as  a  fresh  air  blower  while 
the  men  are  drilling,  and  as  an  exhaust  fan  after  a  blast  is  fired, 
thus  removing  the  powder,  smoke  and  gases. 

5.  Method  of  Heating  Air  (Thermo  Tanks).  An  improvement 
can  certainly  be  made  in  the  design  of  the  so-called  "thermo-tanks" 
for  heating  the  air.  There  is  nothing  standard  on  the  market  for 
this  purpose  but  it  is  easy  to  conceive  many  arrangements  that 
would  give  higher  efficiency,  would  occupy  less  space  and  be  of 
much  lighter  weight.  For  a  competent  mechanical  engineer  this  is 
a  matter  of  design  alone,  when  the  amount  of  heat  and  air  circu- 
lation is  definitely  fixed. 
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6.  Method  of  Humidifying  Air.  The  present  method  of  humidi- 
fying the  air  by  steam  seems  to  meet  with  favor,  though  it  is  ap- 
parently deficient  in  capacity.  The  objection  appears  to  be,  that 
under  certain  chniatic  conditions  the  heat  in  the  steam  would  raise 
the  temperature  too  high  if  sufficient  moisture  was  obtained.  Then 
again,  the  low-pressure  exhaust  steam  generally  u^ed  for  this  pur- 
pSse  almost  always  carries  a  peculiar  oily  odor,  though  it  was  not 
complained  of  in  this  instance.  It  seems  as  though  properly  tem- 
pered water,  atomized  with  compressed  air,  by  means  of  specially 
designed  nozzles,  would  be  very  effective  for  this  work,  as  this 
would  not  only  humidify  the  air,  but  would  cleanse  it  and  could 
be   automatically   regulated   to   give   a   standard    relative   humidity 

continuously.  ,  ^-  .  .,    .•  r-    ■  -a 

7  Equalisation  of  Air  Temperature  and  Distribution.  Consid- 
erable complaint  was  made  about  the  unequal  distribution  of  air 
and  heat  throughout  the  ships.    Dividing  the  apparatus  into  smaller 
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FIG.  1.     FAX  ARRANGED  FOR  QUICK  REVERSING. 


units  should  overcome  this.  The  present  condition  is  due  largely  to 
the  pipes  not  being  perfectly  proportioned  for  the  w^ork,  and  is  still 
further  aggravated  by  the  outside  wind  pressures,  which  affect  the 
amount  of  air  delivered  into  some  compartments,  particularly  those 
on  the  ends  of  the  trunk-line  ducts. 

8.  Automatic  Control  of  Heat  and  Humidity.  Modern  heat  and 
humidity  controlling  devices,  such  as  are  commonly  used  in  build- 
ings, might  give  satisfactory  service  aboard  ships.  There  were  some 
special  devices  in  evidence  on  the  ship  we  saw  but  no  standard  ap- 
paratus was  noticed.  Any  dissatisfaction  which  was  expressed  is 
probably  due  to  the  devices  in  use  never  having  been  thoroughly 
developed,  or  because  the  medium  by  which  the  regulation  of  tem- 
perature and  humidity  was  to  be  obtained,  lacked  sufficient  range 
to  give  the  result  desired.  It  is  questionable  whether  automatic 
temperature  regulators  can  ever  be  made  to  give  very  satisfactory 
results  aboard  ships,  except  in  calm  weather,  or  when  at  anchor  in 
a  harbor. 

9.  Supplementary  Heating  Apparatus.  It  is  evident  from  ob- 
servation, and  answers  to  our  queries  showed  conclusively,  that 
supplementary  heating  apparatus  is  necessary  in  many  places  or  a 
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complete  revision  of  the  present  system  on  a  much  more  elaborate 
scale  will  be  required  to  make  all  the  compartments  equally  com- 
fortable. 

10.  Porthole  Ventilation.  Forced  or  mechanical  ventilation 
through  port  holes  is  something  as  yet  almost  untried,  and  will  have 
to  go  through  a  long  period  of  development  before  it  is  brought  up 
to  the  point  of  perfect  adaptability  under  all  conditions  of  service. 
Imagine  a  60-mile  gale,  with  a  heavy  cross  sea  running,  and  solid 
water  pounding  the  sides  of  the  ship,  which  occasionally  rolls  over 
to  an  angle  that  almost  submerges  her  rails  first  on  one  side,  then 
the  other.  What  chance  is  there  for  porthole  ventilation  under 
such  conditions?  Ventilation  is  far  more  necessary  with  such 
weather  prevailing  than  when  it  is  calm,  because  everything  has  to 
be  battened  down  to  keep  the  water  out,  whereas  in  fair  weather 
the  ship  can  be  opened  up  to  give  a  free,  natural  circulation  of  air, 

11.  Protection  Against  Gases.  War  ships  of  every  type  are 
called  upon  to  make  voyages  to  the  Arctic  Circle  and  to  the  Tropics. 
The  heating  and  ventilating  equipment  should  be  such  as  to  make 
them  as  comfortable  as  possible  in  any  part  of  the  world  and  un- 
der all  weather  conditions. 

The  ventilating  equipment  should  be  so  designed  as  to  protect 
the  officers  and  crew  so  far  as  possible  from  noxious  gases,  fire, 
excessive  heat,  severe  cold  and  foul  air,  whether  in  action  or  in  a 
dry  dock.  War  never  lasts  so  long  as  the  life  of  one  of  these  ships. 
While  they  are  essentially  fighting  machines,  and  everything  going 
aboard  them  should  be  considered  from  that  standpoint,  yet  be- 
cause of  the  fact  that  the  personal  comfort  of  those  who  man  them 
has  a  great  deal  to  do  with  the  efficiency  of  the  navy,  the  heating 
and  ventilating  should  be  given  as  careful  study  as  any  of  the  other 
units,  many  of  which  have  been  brought  to  a  wonderful  state  of 
mechanical  perfection. 

SUGGESTIONS  FOR  IMPROVED  METHODS  OF  DESIGN  AND  PROPORTIONING 
OF   AIR  PIPING  IN   VENTILATION   SYSTEMS  IN   BATTLESHIPS 

The  general  methods  for  calculation  of  ventilation  systems,  given 
in  Appendix  8,  General  Specifications  by  the  Government,  are  most 
excellent.  The  method  for  calculating  pressure  losses  and  deter- 
mining co-efficient  for  pressure  losses  are  probably  the  most  complete 
and  accurate  available.  The  method  employed  in  calculating  pres- 
sure losses  is  also  to  be  commended  for  its  practical  simplicity. 

We  believe,  however,  there  is  opportunity  for  considerable  im~ 
provement  over  the  present  system  in  the  design  and  proportioning 
of  the  velocities  in  the  main  piping : 

First — We  wish  to  emphasize  that  it  is  possible  and  practicable 
to  so  proportion  the  velocities  as  to  obtain  substantially  uniform 
delivery  of  velocities  in  all  branches  without  the  use  of  special 
means  of  restriction  or  air  dampers. 

Second — We  believe  that  it  is  possible  to  considerably  reduce  the 
larger  size  of  the  supply  piping  by  using  higher  velocity  at  the  fan 
end,   and  thus   economize   space   and   weight.     It  is   possible,   for 
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example,  to  so  design  the  main  pipe  as  to  make  a  static  pressure  of 
any  desired  amount,  sufficient  for  the  delivery  of  air  through  the 
branches,  uniform  throughout  the  entire  length  of  the  pipe,  regard- 
less of  its  length.  This  method  is  now  in  use  by  two  concerns  in 
industrial  work,  and  has  been  proved  to  give  excellent  results  and 
distribution  in  practice. 

This  design  is  accomplished,  of  course,  by  the  proper  reduction  of 
air  velocities  so  that  the  effective  transfer  of  velocity  head  to  static 
head  is  substantially  equal  in  each  section  to  the  frictional  loss  in 
that  section.  The  best  way  to  proceed  with  the  design  of  the  main 
piping,  according  to  this  method,  is  to  first  design  all  individual 
branches  and  to  calculate  their  static  resistance,  if  appreciable. 

The  successive  sizes  of  pipe  are  designed  by  beginning  with  the 
last  outlet,  or  the  reverse  of  the  usual  procedure.  The  first  ve- 
locity can  be  assumed  and  can  be  whatever  is  convenient  or  prac- 
ticable. For  this  work  we  would  recommend  minimum  velocities  of 
from  1200  to  1500  ft.  Starting  with  a  1200  ft.  velocity,  for  exam- 
ple, we  will  calculate  the  first  diameter  or  equivalent  dimension  of 
rectangular  pipe.  The  friction  in  this  first  length  of  main  pipe  may 
then  be  calculated.  The  velocity  head  in  the  next  run  of  pipe 
should  be  increased  approximately  15  per  cent  of  the  frictional  loss 
which  is  calculated.  This  relationship  is  represented  by  the  follow- 
ing formula :  • 

=  -f  1.25  X or    —   =\  1  J 

4000  1000  50   (Di)  V\  40/)^ 

where 

Fj  is  the  final  velocity  in  feet  per  minute,  or  velocity  assumed 
in  the  last  section  of  the  main  pipe ; 

Vr.  is  the  velocity  in  feet  per  minute  which  is  to  be  determined 
for  the  next  preceding  length  of  main  pipe ; 

Z-i  is  the  equivalent  length  of  pipe  in  feet,  including  the  actual 
length  of  the  pipe  in  feet  and  the  equivalent  length  to  be 
allowed  for  elbov/s,  bends  and  other  forms  of  resistance 
occurring  in  the  run  of  pipe  having  velocity  l\. 

£>!  is  the  diameter,  in  feet,  of  the  final  run  of  main  pij)e  which 
is  determined  from  the  air  quantitv  and  assumed  velocity 

Each  preceding  length  of  pipe  is  in  turn  calculated  in  the  same 
manner  as,  for  example,  the  diameter  of  the  third  length  is  calcu- 
lated as  follows : 


V,         \  L, 


-  =  \1  + 

F,  40Z^2 

The  air  velocity  and  size  for  each  succeeding  length  of  pipe  is 
calculated  step  by  step  until  the  maximum  size  of  the  main  branch 
is  determined.  The  velocity  of  this  main  branch  in  our  opinion  may 
very  well,  in  battleship  work,  lie  between  3000  and  4000  ft.,  because 
we  are  utilizing  the  greater  portion  of  this  velocity  head  in  the 
overcoming  of  the  successive  resistance  in  the  pipe  itself,  and  be- 
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cause  it  is  desirable  to  economize  space,  so  far  as  is  possible  and 
consistent  with  reasonable  efficiency  in  this  work.  If  the  final  ve- 
locities assumed,  1200  or  1500,  do  not  give  as  high  initial  velocities 
as  desired  in  this  calculation,  then  all  the  velocities  may  be  in- 
creased by  uniform  multiple,  to  give  the  desired  initial  velocity. 
While  this  is  not  strictly  accurate,  owing  to  the  change  in  the  dimen- 
sions of  the  pipe,  causing  a  change  in  the  frictional  losses,  yet  it  is 
so  nearly  so,  that  ordinarily  the  differences  are  negligible. 

These  calculations  can  be  simplified  by  tabulations  and  curves  so 
that  the  actual  work  need  not  be  ver}^  great.  However,  regardless  of 
the  labor  involved  in  these  calculations,  work  of  this  character  is 
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FIG.   2.     RELATION  BETWEEN  TEMPER.\TURE,  HUMIDITY  AND  AIR  MOTION. 


of  sufficient  importance  to  warrant  additional  time  and  expense  both 
in  the  calculations  and  the  extra  care  needed  in  the  construction  of 
the  ducts,  to  insure  their  performance  of  the  exact  functions  in- 
tended. 


HUMIDITY 


The  Committee  is  under  the  impression  that  on  shipboard  it  will 
be  found  that  when  a  temperature  of  70  deg.  is  maintained  in  the 
rooms,  the  relative  humidity  for  comfortable  living  conditions  should 
be  maintained  between  3G  per  cent  and  50  per  cent,  with  correspond- 
ing wet  bulb  temperatures  between  55  deg.  and  58^4  deg.  The 
dew  points  corresponding  to  these  limits  will  be  between  42  deg. 
and  50  deg.  However,  it  will  probably  be  found  that  with  ex- 
tremely cold  weather  outside,  especially  with  high  winds,  the  lower 
limit  will  have  to  be  reduced,  as  the  sweating  on  the  exposed  sides 
of  the  ship  will  be  excessive  with  dew  points  of  42  deg. 
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Below  we  give  a  table  of  the  limits  recommended  for  comfort, 
bearing  in  mind  that  the  lower  limit  is  recommended  for  cold 
weather  in  order  that  sweating  shall  not  be  excessive. 

IVet  Bulb  Temperature  Dry  Bulb  Temperature 

60  deg.                 65  deg.  70  deg. 

Correspondi)ig  Relative  Humidity 
58  deg.                       90  per  cent            66  per  cent            48  per  cent 
55  deg.  75  per  cent 52  per  cent 37  per  cent 

The  air  chart  shown  in  Fig.  2  gives  the  relation  between  tetnpera- 
ture,  humidity  and  air  motion,  by  means  of  the  four  curves  marked 
At  Rest,  Light  Work,  Moderate  Work,  and  Hard  Work,  represent- 
ing different  combinations  of  the  wet  bulb  and  air  velocity  required 
for  comfort.  The  top  curve  starts  at  the  intersection  of  a  wet  bulb 
temperature  of  56  deg.  and  an  air  velocity  of  0.  These  curves  have 
been  determined  experimentally. 

SUGGESTION  FOR  DEVICES  WHEN  IN  ACTION 

For  boiler  rooms  and  magazines  or  other  places  where  ventilation 
is  absolutely  essential  during  action,  it  is  suggested  that  a  spray  de- 
vice, using  alkaline  solution,  be  placed  on  the  intake  and  that  closed 
tanks  under  pressure  or  a  pump  be  used  to  spray  solution  into  the 
intake  at  a  pressure  of  about  25  lb.  per  sq.  in.  The  alkaline  solu- 
tion should  be  such  as  will  modify  the  action  of  the  noxious  gases. 

Part  II 

Submarines  and  Submarine  Air  Conditioning 

The  Committee  visited  the  Submarine  Base  at  New  London  on 
Friday,  December  7,  1917,  and  was  met  by  Lt.  Commander  Stapler. 
The  Committee  visited  several  submarines  and  was  afforded  every 
facility  for  making  investigations  which  developed  the  necessity 
for  the  study  of:  1.  Heating,  when  submerged  and  when  on  the 
surface;  2.  Moisture  removal;  3.  Hydrogen  elimination;  and  4. 
Ventilation,  when  submerged  and  when  on  the  surface. 

The  Committee's  visit  was  during  the  cold  season ;  the  engines 
were  charging  the  batteries,  which  demonstrated  the  necessity  for 
opening  up  the  hatches  in  order  that  a  sufficient  amount  of  fresh  air 
might  mix  with  the  escaping  gases  to  enable  the  operating  staff  to 
remain  in  the  engine  room.  The  effect  of  this  is  to  draw  in  tre- 
mendous quantities  of  cold  air,  thus  greatly  reducing  the  tempera- 
ture in  every  part  of  the  boat  except  the  engine  room  proper.  In 
this  condition  the  hatches  are  battened  down  and  when  submergence 
lakes  place  the  temperature  of  the  interior  of  the  boat  is  practically 
that  of  the  outside  atmosphere.  There  is  no  provision  made  for  in- 
sulating the  inner  surface  of  the  boat ;  the  boat  thus  becomes  a  radi- 
ator which  absorbs  the  heat  given  off  by  its  occupants  through  the 
medium  of  the  interior  air  and  from  thence  through  the  walls  to 
the  surrounding  water. 
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EXISTING  HEATING  SYSTEM 

The  existing  provision  for  heating  consists  of  electrical  heat  units 
of  two  sizes — 15  amp.  and  25  amp. — with  a  voltage  varying  from 
110  to  115,  there  being  supplied  as  a  maximum,  three  units  of  each 
size.     An  analysis  of  the  electrical  energy  characteristics  follows : 

Three  units  —  25  amp.  —  115  volts, 
Three  units  —  15  amp.  —  115  volts, 
Together  consuming  a  total  of : 
13,800  watts  per  hour 
47,300  B.t.u.  per  hour 
1,135,000  B.t.u.  per  day  of  24  hours 
331,200  watts  per  day  of  24  hours 

STORAGE  BATTERY  CAPACITY 

The  total  capacity  is  500,000  watt  hours.  This  includes  current 
for  all  purposes,  including  propulsion.  Remark : — Thus  to  use  the 
full  capacity  of  electrical  heaters  for  24  hours  will  reduce  entire 
battery  charge  about  66  per  cent.  Heating  by  electrical  energy  is  not 
indulged  in  to  any  great  extent  on  account  of  decreasing  the  sub- 
merged cruising  radius. 

OTHER    METHODS   OF    HEATING 

Three  general  methods  of  solving  the  heating  problem  have  been 
considered:  1.  Stored  heat;  2.  Generated  heat  (during  submerg- 
ence) ;  3.  Elimination  of  necessity  for  heating  by  insulation. 

Examination  of  the  properties  of  the  available  medium  for  stor- 
ing heat  discloses  the  fact  that  water  will  carry  the  greatest  amount 
of  heat  per  unit  of  weight.  It  is  convenient  to  use  and,  when  under 
pressure,  will  carry  heat  and  energy  in  concentrated  form  which 
can  be  used  not  only  for  heating  but  possibly  can  be  utilized  for  other 
purposes. 

The  Committee  has  investigated  the  characteristics  of  the  follow- 
ing: 1.  Combustion  of  carbon  and  oxygen;  2.  Combustion  of 
smokeless  powder ;  3.  Combustion  of  hydrogen  and  oxygen ;  4.  Com- 
bustion of  acetylene  and  oxygen ;  5.  Heating  from  other  hydro- 
carbons ;  6.  Storage  of  heat  in  water ;  7.  Heat  from  the  storage  bat- 
tery. The  elementary  characteristics  of  the  combinations  named 
above  are  set  forth  for  what  they  are  worth.  The  heat  units  per 
pound  and  for  cubic  foot  of  various  hydro-carbons  are  given  here- 
with. The  heat  storage  capacity  of  water  at  various  pressures  is 
given  herewith  in  tabular  form  and  by  chart.  The  characteristics  of 
the  lead  storage  batterv  and  the  Edison  non-lead  storage  battery 
as  now  installed  in  U.  S.  submarines  is  also  given  herewith. 

REMARKS   CONCERNING   VARIOUS    METHODS   FOR    HEATING    SUBMARINE 
BOATS  WHILE  SUBMERGED 

1.  Combustion  of  Carbon  and  Oxygen.  For  the  combustion  of 
carbon  and  oxygen  in  the  utilization  of  coal  as  a  source  of  heat,  it 
would  be  necessary  to  construct  a  closed  furnace  and  supply  oxy- 
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gen  from  tanks.  The  products  of  combustion,  mostly  C  Og  but 
some  C  O,  would  have  to  be  disposed  of  by  discharging  them  into  the 
salt  water  or  by  absorption  in  lime  water  or  some  other  chemical 
substance.  It  is  undesirable  to  discharge  the  gases  into  the  salt  wat- 
ter  because  of  the  bubbles  which  would  indicate  the  location  of 
the  boat  as  they  rose  to  the  surface.  To  absorb  the  gases  in  lime 
water  would  probably  be  impracticable  because  of  the  large  amount 
of  space  required  which  is  not  available  in  the  boat,  and  the  weight 
of  the  water,  tanks,  etc.  While  carbon  burned  with  oxygen  liber- 
ates a  large  number  of  heat  units,  namely,  about  14,500  per  lb.,  there 
seems  to  be  no  practical  way  of  disposing  of  the  products  of  com- 
bustion. 

2.  Combustion  of  Smokeless  Pou'der.  We  select  Nobel's  pow- 
der, as  data  concerning  it  is  available.  Other  powders  are  similar. 
Since  smokeless  powder  contains  all  the  products  of  combustion 
within  itself,  it  can  be  burned  in  a  closed  space  to  obtain  heat,  and  on 
this  account  it  has  been  proposed  as  a  means  of  heating  submarine 
boats.  By  burning  the  powder  in  a  chamber,  say,  ten  times  larger 
than  the  volume  of  the  powder,  the  pressure  of  the  gases  would  not 
exceed  about  two  tons  per  sq.  in.  The  chamber  might  be  sur- 
rounded with  water,  which,  when  heated  could  be  circulated  through 
the  boat  in  pipes  or  radiators.  For  each  pound  of  powder 
burned,  there  would  be  generated  about  11  cu.  ft.  of  gas  at  atmos- 
pheric pressure  and  32  deg.  fahr.  This  gas  is  composed  of  carbonic 
acid,  nitrogen,  water  vapor,  chlorine,  and  oxygen.  After  combus- 
tion had  taken  place  and  all  heat  w^ere  absorbed  in  the  water  or 
radiated  into  the  boat,  it  would  be  necessary  to  dispose  of  the  gases. 
The  simplest  method  of  doing  this  would  be  to  discharge  them  into 
the  salt  water,  under  their  own  pressure.  Another  method  would  be 
to  absorb  the  gases  in  some  chemical  fluid.  This,  however,  would 
hardly  be  practical,  because  there  is  insufficient  space  available  in 
the  boat.  The  products  of  combustion  are  principally  carbonic  acid, 
nitrogen,  chlorine,  and  water  vapor.  The  advantages  of  this  method 
of  heating  are  the  small  amount  of  space  required  by  the  fuel  and 
the  simplicity  of  the  method  of  burning.  The  disadvantages  are 
the  danger  of  carrying  a  large  amount  of  powder  on  board,  the 
danger  of  premature  ignition  of  the  powder  and  the  necessity  for 
discharging  the  gases  into  the  salt  water,  which  would  indicate  the 
location  of  the  boat  by  the  bubbles  rising  to  the  surface;  also  the 
difficulty  of  otherwise  disposing  of  the  products  of  combustion. 
Much  less  heat  is  obtained  per  pound  of  powder  than  per  pound  of 
carbon  burnt  with  oxygen. 

3.  Combustion  of  Hydrogen  and  Oxygen.  Hydrogen  and  oxy- 
gen can  be  stored  in  steel  cylinders  under  pressure.  The  gases  can 
be  drawn  from  these  cylinders  and  conveyed  to  a  suitable  burner 
which  can  be  located  in  a  closed  receptacle,  surrounded  by  water  to 
absorb  the  heat  of  combustion.  The  product  of  combustion  is  water 
vapor,  which  would  immediately  condense  to  liquid  water.  The  heat 
of  combustion  of  hydrogen  and  oxygen  is  60,000  B.t.u.  per  lb.  of 
hydrogen  or  P>,()P>^  B.t.u.  per  lb.  of  water  vapor  produced  by  the 
combustion.    As  hydrogen  is  a  very  light  gas,  even  when  highly  com- 
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pressed,  the  quantity  required  would  occupy  considerable  space  and 
the  heat  obtained  per  cubic  foot  would  be  small.  Furthermore,  the 
cylinders  to  contain  the  compressed  hydrogen  and  oxygen  would  be 
heavy  and  bulky.  These  gases  are  ordinarily  stored  in  steel  cylin- 
ders holding  100  or  200  cu.  ft.  of  free  gas  compressed  to  1,800  lb. 
per  sq.  in.  The  larger  cylinders  weigh  143  lb.  and  the  smaller  ones 
80  lb.  Two  cylinders,  one  containing  200  ft.  of  hydrogen  and  the 
other  100  ft.  of  oxygen  would  weigh  about  232  lb.  The  heat  liber- 
ated from  the  combustion  from  this  amount  of  hydrogen  and  oxy- 
gen would  be  about  60,000  B.t.u.  Therefore  the  heat  produced 
per  pound  of  cylinders  and  gas  would  be  only  258  B.t.u.  In  other 
words,  to  produce  as  much  heat  as  could  be  obtained  from  burning 
one  lb.  of  coal  would  require  about  six  large  cylinders  of  hydrogen 
and  six  small  cylinders  of  oxygen.  It  would  therefore  probably 
be  impracticable  to  store  sufficient  oxygen  and  hydrogen  on  board 
a  boat  to  give  the  heat  required.  While  this  method  of  heating  has 
the  great  advantage  that  the  products  of  combustion  are  water,  it 
has  the  disadvantage  of  requiring  a  large  space  in  the  boat. 

4.  Coinbiistion  of  Acetylene  and  Oxygen.  When  acetylene  gas  is 
burned  with  oxygen,  21,000  B.t.u.  are  liberated  for  each  pound  of 
acetylene  burned.  It  has  been  proposed  to  store  acetylene  in  suit- 
able containers,  or  to  generate  it  from  a  supply  of  calcium  carbide, 
as  required,  and  burn  the  acetylene  in  a  closed  chamber  with  oxygen 
drawn  from  storage  in  steel  cylinders.  While  a  large  amount  of 
heat  can  be  obtained  per  pound  of  acetylene,  considerable  space  would 
be  occupied  in  storing  sufficient  acetylene  and  oxygen.  Further- 
more, the  product  of  combustion,  which  is  principally  carbonic  acid 
gas,  must  be  disposed  of  either  by  discharging  it  into  salt  water  or 
by  absorption  in  some  chemical  such  as  lime  water.  It  has  been 
proposed  to  burn  the  acetylene  with  the  oxygen  in  a  closed  chamber 
containing  water  and  lime  and  then  pump  the  lime  water  through 
a  radiating  system,  thereby  utilizing  the  water  to  absorb  the  heat 
of  combustion,  and  to  absorb  the  products  of  combustion — carbonic 
acid.  For  each  pound  of  acetylene  burned,  28  cu.  ft.  of  oxygen 
would  be  required,  producing  a  large  volume  of  carbonic  acid  and 
requiring  a  considerable  volume  of  lime  water  to  absorb  it.  This 
system  of  heating  seems  impracticable,  because  of  the  space  required 
for  the  storage  of  combustibles,  and  the  apparatus  required.  The 
circulating  water  would  soon  become  charged  with  calcium  car- 
bonate and  would  have  to  be  frequently  drawn  off.  No  doubt  the 
lime  and  the  calcium  carbonate  would  coat  the  interior  of  the  radiat- 
ing system  and  obstruct  the  radiation  of  heat.  While  a  much  larger 
amount  of  heat  could  be  obtained  from  a  given  volume  of  acetylene 
and  oxygen  than  from  a  corresponding  volume  of  hydrogen,  the 
difficulties  of  disposing  of  the  products  of  combustion  make  it  seem 
impracticable.  There  is  also  some  danger  from  explosion  from 
acetylene. 

5.  Heat  from  Other  Hydro-carbons.  There  is  a  long  list  of 
hydro-carbons  in  liquid  form  at  ordinary  temperatures  which  offer 
sources  of  heat,  but  their  combustion  requires  oxygen,  and  the 
products  of  combustion  are  largely  carbonic  acid  in  each  instance. 
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Some  of  these  hydro-carbons,  being  rich  in  carbon,  give  up  large 
quantities  of  heat  in  combustion,  but  their  use  seems  impracticable 
because  of  the  difificulty  of  disposing  of  the  products  of  combustion 
and  the  large  amount  of  space  required  for  the  storage  of  oxygen. 

6.  Storage  of  Heat  i>i  JVatcr  and  Steam.  A  cubic  foot  of 
water  has  the  capacity  for  holding  a  considerable  amount  of  heat, 
and  its  capacity  increases  with  the  pressure  and  temperature  of  the 
water.  When  a  submarine  boat  is  running  on  the  surface,  the  gas 
engines  are  in  operation  either  propelling  the  boat  or  charging  the 
storage  batteries.  The  discharged  gases  from  the  engines  offer  an 
abundant  source  of  heat  which,  if  it  could  be  stored,  might  be  used 
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FIG.    3.     HEAT    STORAGE    CAPACITY    OF   WATER    UNDER    PRESSURE. 


to  heat  the  boat  when  submerged.  If  a  boiler  were  provided  of 
suitable  capacity,  capable  of  withstanding  a  pressure  say  of  300  lb. 
absolute  per  sq.  in.,  then  the  boiler  might  be  nearly  filled  with  water, 
leaving  sufficient  space  for  expansion,  and  the  water  could  be  heated 
by  the  gases  discharged  from  the  engines.  If  the  boiler  were  sur- 
rounded by  a  thick  covering  of  heat-insulating  material,  the  heat 
thus  stored  up  in  the  water  could  be  retained  for  a  considerable 
length  of  time  and  could  be  allowed  to  radiate  through  the  boat  by 
means  of  a  circulating  system.  As  about  392  B.t.u.  could  be  stored 
in  each  pound  of  water,  of  which  360  B.t.u.  would  be  available  for 
heating  up  to  60  deg.,  a  boiler  containing  say  3153  lb.  of  water  would 
have  a  capacity  for  storing  1,130,000  B.t.u.  This  seems,  on  the 
whole,  the  most  practical  system  of  heating  that  has  been  suggested 
and  if  the  weight  and  space  can  be  allowed  it  would  undoubtedly 
give  excellent  results.  It  has  the  advantage  of  simplicity  and  it 
utilizes  heat  that  is  at  present  being  thrown  away.     If  the  entire 
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interior  surface  of  the  boat  could  be  insulated  with  a  non-heat  con- 
ducting covering,  no  doubt  a  comparatively  small  amount  of  heat 
would  make  the  boat  comfortable  for  the  crew  during  the  period  of 
submergence. 

7.  Heat  from  a  Storage  Battery.  Submarine  boats  are  at  pres- 
ent provided  with  six  electric  heating  units  of  two  sizes,  one  taking 
15  amp.  and  the  other  25  amp.  with  a  voltage  varying  from  110  to 
115.  These  units  draw  energy  from  the  storage  battery.  Assum- 
ing three  large  and  three  small  heating  units  on  each  boat,  the  cur- 
rent consumption  is 

3  X  15  =    45 
3  X  25  =    75 

120  amp. 

120  X  115  =  13,800  watts 

(1  watt  =  3.43  B.t.u.  per  hour) 
13.800  watts  =  13,800  x  3.43  =  47,300  B.t.u.  per  hour. 

If  the  units  are  operated  for  24  hours  the  heat  radiated  will  be 
1,135,000  B.t.u.  It  is  probable  that  these  units  are  never  used  con- 
tinuously for  24  hours  in  time  of  war,  as  it  would  materially  re- 
duce the  cruising  distance  submerged.  However,  1,135,000  B.t.u. 
may  be  used  as  a  standard  of  achievement  in  the  absence  of  a  better 
standard.  Any  other  heating  system  that  provides  this  amount  of 
heat  will  be  worthy  of  consideration. 

It  has  been  shown  that  1,130,000  B.t.u.  can  be  stored  in  3153  lb. 
of  water,  under  300  lb.  absolute  pressure,  equivalent  to  as  many  heat 
units  as  are  given  out  by  the  six  electric  heaters  installed  in  boats  if 
they  are  used  24  hours.  3153  lb.  of  water  and  the  boiler  would 
probably  weigh  not  more  than  1800  lb.  or  a  total  of  say  5000  lb. 
Besides  this,  there  would  be  the  weight  of  a  radiating  system  which 
would  perhaps  make  the  total  weight  of  the  heat  storage  and  radiat- 
ing system  6000  lb.  This  is  only  7.5  per  cent  the  weight  of  the 
storage  battery  equipment  of  equal  heat  carrying  capacity.  The  six 
electric  heating  units  now  used  in  boats,  if  kept  in  use  24  hours, 
would  draw  66  per  cent  of  the  stored  energy  from  the  battery 
weighing  120,000  lb.  The  same  amount  of  energy  could  be  stored 
in  a  hot  water  system  weighing  6000  lb.  In  other  words,  13  times 
as  much  energy  can  be  stored  in  a  hot  water  system  as  in  a  storage 
battery  of  the  same  weight. 


COMPARISON  OF  ELECTRICAL  AND  HOT  WATER  HEATING. 

The  above  storage  system  would  require  a  tank  and  a  system  of 
radiation,  preferably  used  in  connection  with  a  fan  system  for  heat 
distribution  and  ventilation.    The  tank  supply  would  be  put  under 
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a  pressure  of  300  lb.     The  weights  would  be  as  follows : 

Water    3153  lb. 

Apparatus  approx 2847  lb. 

Total 6000  lb. 

6000 

=  5.3  lb.  per  1000  B.t.u.  or  1  lb.  water  and  apparatus 

1130.5  will  carry  190  B.t.u. 

Electric  Heating.  The  standard  submarine  boat  battery  is  of 
500  k.w.  capacity,  weighs  120,000  lb.,  that  is  240  lb.  per  1000  watts, 
and  1  lb.  of  battery  will  carry  14.3  B.t.u. ;  1  lb.  of  water  stored  at 
300  lb.  pressure,  including  weight  of  container,  will  carry  190  B.t.u. 


Wa^aHng  System 


2) 

3) 


Gas  Inlet- 


6as  Outlet 


FIG.  4.     DIAGRAM  OF  HEATING  SYSTEM  BY  STORAGE  OF  HEAT  IN  WATER. 


Assuming  that  it  is  necessary  for  a  boat  to  be  away  from  a  base 
of  supplies  for  20  days,  then  the  weight  of  the  following  substances, 
together  with  their  containers,  will  be  as  shown — not  including  lime 
solution  or  weight  of  apparatus  to  distribute  the  heat  content : 

Assuming  the  equivalent  of 

3  —  25  amp.  115  volts  heaters       ,  i-j- nnr>  -o  4. 
3  -  15  amp.  115  volts  heaters ^'^  ^-^^^'^  B.t.u. 
Substances  Weight — lb. 

Acetylene  and  oxygen 27,200 

Hydrogen   and  oxygen 87,600 

Gun  powder  (smokeless) 7,530 

With  hot  water  heated  by  exhaust  gases  from  the  engines,  no  addi- 
tional weight  would  have  to  be  carried.  It  would  seem  inadvisable 
to  use  any  other  fuel  than  the  fuel  used  for  propulsion  to  heat  the 
boat  and  then,  if  possible,  use  the  by-products  of  combustion. 

Proposed  New  Method  of  Propulsion.  It  would  seem  advisable 
to  study  the  possibilities  of  using  steam  as  a  means  of  propulsion 
both  on  the  surface  and  submerged,  the  steam  generator  being  oper- 
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ated  by  a  liquid  hydro-carbon  such  as  kerosene  or  a  heavy  oil  and 
the  generator  to  store  up  energy  by  heating  water  under  suitable 
pressure  which  would  later  be  utilized,  re-expanded  into  steam  during 
submergence,  and  used  for  driving  quadruple  expansion  engines  and 
low  pressure  condensing  turbines  in  series.  The  liberated  air  from 
the  condenser  might  be  compressed  and  used  for  such  purposes  as 
were  necessary.  Obviously,  the  heating  problem  would  then  be 
solved  for  there  would  be  sufficient  stored  heat  at  all  times. 

Hot  Water  Storage  for  Propulsion.  The  following  apparatus 
would  be  required  :  1.  A  boiler  in  which  to  store  power  in  hot  water, 
under  pressure.  2.  Steam  boiler  to  supply  steam  wdien  running  on 
the  surface.  3.  Tank  for  condensed  steam.  4.  Propelling  engines. 
5.  Condenser.    6.  Condenser  air  pump.     7.  Hot  well  pump. 

Assume  w^ater  to  be  stored  in  boiler  and  heated  until  pressure 
reaches  500  lb.  absolute  pressure.  By  withdrawing  steam,  reducing 
pressure  by  multi-stage  reciprocating  or  turbine  engines  and  a  low 
pressure  turbine  condensing  engine  w^orking  down  to  atmospheric 
pressure,  the  heat  drop  would  be  44H  B.t.u. — 180  B.t.u.  =  2()S  B.t.u. 
These  268  B.t.u.  could  be  obtained  from  every  lb.  of  hot  water 
carried  if  used  within  these  limits.  This  amount  of  heat  can  be 
used  to  convert  water  into  steam. 

The  latent  heat  of  steam,  14.7  lb.,  is  DTO.    The  heat  obtained  from 

268 

one  lb.  of  water  will  convert  =  .276  lb.  of  water  into  steam. 

970  .  _ 

Assuming  that  an  engine  combination  can  be  produced  to  give  a 
final  economy  of  30  lb.  of  steam  per  h.p.,  which  would  include  all 
losses  due  to  condensation,  radiation,  etc.,  then  there  would  be  re- 
30 

quired  =    10!»   11).   of   water   storage   per   h.jx.   and   assuming 

.276 
the  containers,  such  as  boiler,   etc.,   to  weigh   25  per  cent,  of  the 
weight  of  the  water,  then  there  would  be  required  136  lb.  weight 
for  each  h.p.  hour.     By  providing  500  cu.  ft.  of  steam  space,  this 
could  be  reduced  to  HO  lb.  per  h.p.  hour. 

Comparison  zcitli  Electrical  Drive.  A  battery  of  500  k.w.  weighs 
120,000  lb.  Assuming  90  per  cent  efficiency  it  will  require  198  lb. 
weight  per  h.p.  hour  as  against  110  lb.  weight  per  h.p.  hour,  as 
required  for  steam  propulsion.  The  accuracy  of  these  comparisons 
can,  of  course,  be  determined  better  by  actual  experience  and  it  may 
be  well  to  make  experiments  to  determine  the  characteristics  of  the 
steam  driven  units.  A  further  reduction  in  weight  may  possibly 
be  made  when  the  fact  is  considered  that  there  would  not  be  a 
duplicate  set  of  driving  or  prime  movers. 

The  same  engines  and  boilers  can  be  used  for  surface  and  sub- 
merged propulsion.  In  generating  heat  on  the  surface  no  noise  is 
necessary  such  as  accompanies  the  charging  of  batteries. 

The  above  analysis  of  propulsion  by  stored  steam  is  given  as 
general  information  for  what  it  may  be  worth  with  the  idea  that  it 
may  lead  to  further  discussion  by  the  Engineering  Division,  and  if 
thought  advisable,  experiments  may  be  made  to  demonstrate  its 
possibilities. 
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APPENDIX 

LIME  WATER  AS  A  SOLVENT  OF  CARBONIC  ACID 

56  lb.  quick  lime  (Ca  O)  combine  with  18  lb.  water  to  produce 
74  lb.  of  slaked  lime  (Ca  +  H2  O  =  Ca  (HO)^.  Slaked  lime, 
Ca  (HO)2,  combines  with  carbonic  acid,  COg,  as  follows: 

Ca  (HO)2  +  C  O2  =  CaCOg  +  H^  O 
7-i  lb.  slaked  lime  combines  with  -i4  lb.  of  carbonic  acid,  producing 
lUU  lb.  of  calcium  carbonate  and  18  lb.  of  water; 
About  1  lb.  of  quicklime  dissolves  in  700  lb.  of  water,  giving  a 
clear  solution,  or  1  lb.  of  slaked  lime  to  530  lb.  of  water ;  since  1  lb. 
of  carbonic  acid  combines  with  about  1.7  lb.  of  slaked  lime,  to  dis- 
solve 1  lb.  of  carbonic  acid  requires  530  x  1.7  =  901  lb.  of  lime 
water. 

Acetylene  combined  with  oxygen  gives  the  following  reaction : 
2  C2  H2  +  5  O2  =  4  C  O2  -f  2  H2  O 

26  lb.  of  acetylene  combines  with  80  lb.  of  oxygen,  producing  88 
lb.  of  carbonic  acid  and  18  lb.  of  water.  Therefore,  1  lb.  of  acety- 
lene produces  3.38  lb.  of  carbonic  acid  or  about  30  cu.  ft.  at  atmos- 
pheric pressure.  To  absorb  3.38  lb.  of  carbonic  acid  requires 
(901  X  3.38  =  3045)  3045  lb.  of  lime  water.  In  other  words,  to 
burn  1  lb.  of  acetylene  and  absorb  the  products  of  combustion  in 
lime  water  would  require  about  3045  lb.  of  the  latter. 
1  lb.  of  acetylene  yields  about  21,000  B.t.u.  of  heat  in  burning;  as 
compared  with  this,  3045  lb.  of  water,  having  a  volume  of  about  50 
cu.  ft.,  have  a  heat  storage  capacity  under  200  lb.  pressure  of  about 
900,000  B.t.u. 

Thus  it  will  be  seen  that  about  45  times  the  amount  of  heat  pro- 
duced in  burning  1  lb.  of  acetylene  can  be  stored  in  the  water  re- 
quired to  absorb  the  products  of  combustion  of  acetylene,  clearly 
showing  that  for  the  purpose  in  view,  it  is  more  practicable  to  store 
heat  in  water  than  to  burn  acetylene  (or  any  other  hydro-carbon) 
and  absorb  the  carbonic  acid  gas  produced,  in  lime  water. 

The  following  data  will  be  found  useful  in  considering  the  seven 
suggested  methods  of  heating: 

COMBUSTION  OF  CARBON  AND  OXYGEN 

1  lb.  of  carbon  unites  with  2  2/3  lb.  of  oxygen,  producing  3  2/3  lb. 
of  carbonic  acid  (C  Og)-. 

1  lb.  of  oxygen  has  a  volume  of  11.2  cu.  ft.  at  atmospheric  pres- 
sure and  temperature.  Therefore,  2  2/3  lb.  has  a  volume  of  30 
cu.  ft.  approximately. 

1  lb.  of  carbon  unites  with  30  cu.  ft.  of  oxygen.  For  each  pound 
of  carbon  burned,  14,500  B.t.u.  are  released.  Therefore,  for  each 
pound  of  C  O2  produced,  3,954  B.t.u.  are  liberated. 

Heat  per  pound  of  oxygen  consumed : 

14,500  ^  2-2/3  =  5,437  B.t.u. 
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COMBUSTION   OF   NOBEL'S   POWDER 

Composition : 

Nitroglycerine  23.10  gram. 

Nitrocellulose    33.10 

Perchloride    Ammonia 50.35       " 

Camphor    3.45 

Space : 

1  lb.  occupies  31  cu.  in. 

Products  of  Combustion: 

Volume  of  gas  at  33  deg.  fahr 11.29.  cu.  ft. 

Volume  Weight 

Carbonic  Acid    28.3  per  cent  41.26  per  cent 

Nitrogen    15.    per  cent  13.86  per  cent 

Water  Vapor    42.6  per  cent  25.24  per  cent 

Chlorine  11.2  per  cent  16.64  per  cent 

Oxygen 2.8  per  cent  2.96  per  cent. 

100  per  cent        100  per  cent 

Heat  of  Combustion : 

Expressed  in  pound-degree  fahr 3087  B.t.u. 

Estimated  Pressure  When  Burned  in  a  Closed  Chamber: 

Per  cent  of  Space  Estimated  Pressure 

Filled  by  Powder  Tons  per  sq.  in. 

10  per  cent  2.2 

20  per  cent  4.3 

21  per  cent  4.7 
30  per  cent  8.7 
42  per  cent  13.4 
53  per  cent  19.5 
60  per  cent  22. 
70  per  cent  30. 
80  per  cent  46. 
90  per  cent  53. 
93  per  cent  56. 

COMBUSTION    OF    HYDROGEN    AND   OXYGEN 

2  volumes  of  H  unite  with  1  volume  of  O  to  produce  2  volumes 
of  steam. 

1  lb.  of  H  unites  with  8  lb.  of  O  to  produce  9  lb.  of  steam  or 
water. 

H  :  O  r=  1:  8 

Heat  of  Combustion :     For  each  pound  of  H  combined  with  O, 
60,000  B.t.u.   are   released.     Therefore,   for  each  pound   of   H^O 

60,000 

produced  by  the  union  of  H  and  O  =   6,666  B.t.u.  are 

9 
liberated. 
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60,000 
Heat  per  Pound  of  Oxygen  Consumed  =  =   7,500  B.t.u. 


To  produce  14,500  B.t.u.   (heat  of  burning  1  lb.  of  carbon)   re- 
quires 43  cu.  ft.  of  hydrogen  and  86  cu.  ft.  of  oxygen ;  at  2,000  lb. 

pressure   (0.33  cu.   ft hydrogen) 

(0.66  cu.  ft oxygen) 

Data  concerning  Bottles  of  Hydrogen  and  Oxygen  Supplied  by 
Air  Reduction  Sales  Company,  New  York,  N.  Y. : 

Weight  of  uncharged  bottle  holding  200  cu.  ft.  free  gas 142  lb. 

Weight  of  uncharged  bottle  holding  100  cu.  ft.  free  gas 80  lb. 

Length  of  bottle  overall  (200  cu.  ft.) 4  ft.  8  in. 

Length  of  bottle  overall  (100  cu.  ft.) 4  ft. 

Diameter  of  bottle  outside  (200  cu.  ft.) 10  in. 

Diameter  of  bottle  outside  (100  cu.  ft.) 7  in. 

Pressure  of  gas  in  charged  bottle 1800  lb.  per  sq.  in. 

Weight  of  hyrogen  per  cu.  ft 00559  lb. 

Weight  of  oxygen  per  cu.  ft 08921  lb. 

W^eight  of  200  cu.  ft.  of  hydrogen 1.018      lb. 

Weight  of  100  cu.  ft.  of  oxygen 8.921      lb. 

Weight  1  bottle  of  H  (200)  and  1  bottle  of  O  (100) 232  lb. 

Heat  from  200  cu.  ft.  H  and  100  ft.  0 60,000  B.t.u. 

60,000 

Heat  units  per  lb. = 258  B.t.u. 

232 

COMBUSTIOX    OF    ACETYLENE   AND   OXYGEX 

Acetylene — C,  H, : 

Weight  per  cu.   ft '.  .    0.07251  lb. 

\'olume  per  lb 13.792      cu.  ft. 

1  lb.  of  acetylene  unites  with  23i>  lb.  of  oxygen,  producing  31^2  lb. 
of  carbonic  acid  and  water  vapor : 

2  CoH.  -f  5  O,  =  4  C  Oo  +  2  H,  O 

23^2  lb.  of  oxygen  have  a  volume  of  28  cu.  ft. 

1  volume  of  acetylene  combines  in  practice  with  1.7  volumes  of 
oxygen  in  welding  practice  (theoretically  2^^  volumes). 

200  cu.  ft.  of  oxygen  can  be  obtained  in  a  cylinder  weighing  142 
lb.  and  measuring  4  ft.  8  in.  long  and  10  in.  in  diameter. 
Heat  of  combustion  of  1  lb.  of  acetvlene  gas  with  oxvgen, 

21,000  B.t.u. 

Heat  of  combustion  of  1  cu.  ft 1,450  B.t.u. 

Temperature   of    combustion 6,300  deg.  fahr. 

Acetylene  is  produced  from  carbide  of  calcium  and  water 

CaC,  +  H.  O  =r  C,  H,  +  Ca  O 
Ca  O  +  H,  6  =  Ca  (HO)2  (Calcium  hydrate) 

1  lb.  of  carbide  produces  theoretically  5.83  cu.  ft.  of  acetylene 
gas  but  in  practice  about  5  cu.  ft. 

To  produce  1  lb.  of  acetylene  gas  requires  2.76  lb.  of  carbide. 
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1  tank  of  oxygen  containing  200  cu.  ft.  will  combine  with  7.13  lb. 
of  acetylene  gas,  theoretically,  yielding : 

21000  X  7.13  =  149,730  B.t.ii.  of  heat 

Weight  of  tank  and  oxygen  approximately 160  lb. 

Weight   of   carbide,   approximately 20  lb. 

Total    180  lb. 

149,730 

=  830  B.t.u.  per  lb. 

180 
Acetylene  is  a  colorless  gas ;  its  density  is  0.92 ;  it  has  a  strong 
odor  when  not  purified ;  it  liquifies  at  0  deg.  cent,  when  compressed 
21.5  atmospheres;  its  critical  point  is  37  deg.  cent.;  the  liquid  occu- 
pies the  volumes  of  the  gas;  the  liquid  and  the  gas  are  ex- 
plosive under  certain  conditions ;  ignites  in  contact  with  air  at  480 
deg.  cent. ;  mixed  with  air  in  ratio  of  3  to  82  it  is  explosive ;  the  tip 
of  a  burner  may  become  hot  enough  to  decompose  some  of  the  gas 
under  low  pressure. 

Carbide  and  water  generate  heat.    Therefore,  a  generator  may  be 
a  source  of  danger.    The  temperature  may  reach  600  deg.  cent,  and 

2 

the  amount  of  heat  is  about  — ~  of  combustion  of  carbon. 

HYDRO-CARBONS 

Heat  units      Heat  units 
per  lb.  per  cu.  ft. 

Hydrogen    61,560 

Carbon    14,540 

Crude  Petroleum 18,324 

Benzine  Cg  H^ 18,448 

Gasoline    11,000 

Illuminating  Gas   800 

Water  Gas — American   185 

Producer  Gas — English   150 

Ethylene  olefiant— Gas  Co  H,.  .  . 21,430  1,677 

Gasoline  Vapor   11,000  690 

Acetylene  Co  H2   21,492  868 

HEAT  STORAGE   CAPACITY  OF  WATER   AND  STEAM   AT  VARIOUS 

PRESSURES 

Absolute  Pressure,  lb 14.7  100  200  300  400  500 

Gauge  Pressure,  lb.  0  85  185  285  385  485 

Temperature,   deg.   fahr 212  327.6  382  417  445  467 

Heat  in  1  lb.  Water  above  32  deg., 

B.t.u 181  299  355  391  420  443 

Heat  in  1  cu.  ft.  Water  above  32 

deg.,   B.t.u 10860  16744  19347  20723  21840  22150 

Heat  in  1  lb.  Steam  above  32  deg., 

B.t.u 1147  1182  1198  1209  1218  1224 

Heat  in  1  cu.  ft.  Steam  above  32 

deg.,   B.t.u 44  270  527  709  1040  1300 

Volume  of  1  lb.  Steam,  cu.  ft....  26.36  4.36  2.27  1.535  1.167  .942 

Weight  of  1  cu.  ft.  of  Water,  lb..  60  56  54.5  53  52  52 
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LEAD  STORAGE  BATTERY 

The  battery  equipment  for  a  submarine  boat,  consisting  of  120 
units,  weighs  120,000  lb. 

Total  capacity   500,000  watt  hours 

Voltage,  per  cell 2.15  to  1.55 

Capacity  per  lb.  of  battery 4.17  watt  hours 

Dimension   of   the   battery 81  in.  x  360  in.  x  40  in. 

Cubic  contents    700  cu.  ft. 

Capacity  per  cu.  ft 714.  watt  hours 

(1  Watt  =  3.43  B.t.u.  i)er  hour) 

Capacity  per  lb.  of  battery 14.3  B.t.u.  per  hour 

Capacity  per  cu.  ft 2240  B.t.u.  per  hour 

6  heating  units  require  13,(S00  watts;  to  use  them  24  hours  would 
require  13,800  x  24  =  331,000  watt  hours,  which  is  6G  per  cent  of 
the  capacity  of  the  battery.  This  would  reduce  the  submerged 
cruising  distance  by  that  amount. 

331,000  watt  hour  =  1.135,000  B.t.u. 


D.-\TA   OF   EDISON    STORAGE   BATTERY 

Edison  Cell — Submarine  Type.     (Information  obtained  from  the 
Edison  Storage  Battery  Company,  Orange,  N.  J.)  : 

Weight,   per  cell    500  lb. 

Voltage,  per  cell ^'l 

Capacity,    2  hr.  rate 3,000  watt  hours 

Capacity,    3  hr.  rate 4,500  watt  hours 

Capacity,    5  hr.  rate 4,800  watt  hours 

Capacity,  10  hr.  rate 5,000  watt  hours 

Capacity  per  pound  of  cell  (10  hr.  rate)   10  watt  hours 

Size  of  cell,  8  x  18>4  x  39  in.  = 3.34  cu.  ft. 

and       8  x  18>^  x  44 >4  in.  =: 3.8  cu.  ft. 

Capacity  per  cubic  foot  of  space  (10  hr.  rate) 1,500  watt  hours 

Capacity  per  cubic  foot  of  space  (   3  hr.  rate) 1,340  watt  hours 

(1  watt  —  3.43  B.t.u.  per  hour) 

Capacity  per  pound  of  cell  (10  hr.  rate) 34.3  B.t.u.  per  hour 

Capacity  per  cubic  foot  of  space  (10  hr.  rate)  .  .5145.  B.t.u.  per  hour 
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IMPROVEMENT   OF   HEATING   CONDITIONS  BY   PROPER   INSULATION 

It  is  thought  that  conditions  might  be  very  much  improved  if  the 
interior  of  the  surface  of  the  boat  be  properly  insulated  with  a  suit- 
able material  such  as  cork  or  cork  product  of  suitable  thickness 
placed  a  distance  away  from  the  inner  shell  and  divided  into  vertical 
pockets  which  should  be  open  at  top  and  bottom  in  order  to  provide 
circulation  of  air  which  will  make  provision  for  the  condensation 
and  moisture  given  out  by  the  occupants  of  the  boat. 

It  is  thought  that  a  suitable  plan  of  this  character  would  render 
the  necessity  of  heating  the  interior  of  the  submarine  practically 
negligible  as  the  animal  heat  from  the  occupants  would  be  practi- 
cally sufficient  to  provide  comfort  so  far  as  heat  is  concerned. 

SUBMARINE  VENTILATION 

This  question  involves  winter  or  Arctic  conditions,  and  summer 
or  Tropical  conditions ;  it  also  involves  surface  and  submerged  con- 
ditions, and  each  of  the  latter,  when  in  motion  and  standing  still; 
then  each  of  the  latter  are  again  subdivided  to  cover  fair  or  foul 
weather;  then  there  is  heating  in  winter  and  cooling  in  summer, 
thus  making  altogether  a  combination  of  many  varied  conditions, 
which  must  be  provided  for. 

The  following  covers  in  a  general  way,  what  should  be  provided  to 
make  these  vessels  habitable  and  comfortable : 

Winter  Ventilation :  a.  Submerged : — Natural  ventilation  is  im- 
possible, whether  standing  or  moving,  in  any  kind  of  weather. 
Artificial  ventilation   is  positively  necessary  when   submerged. 

b.  On  Surface : — Natural  ventilation  is  uncertain  in  foul  weather, 
whether  standing  or  moving,  and  unbearably  cold  when  running 
in  fair  weather.  Except  for  the  discomfort  resulting  from  the 
cold,  natural  ventilation  is  possible  in  fair  weather,  when  stand- 
ing. Artificial  ventilation  must  be  resorted  to  when  standing 
in  foul  weather ;  the  boat  can  be  made  more  comfortable  in  fair 
weather,  than  is  possible  with  natural  ventilation. 

Winter  Heating:  General  Requirements: — Heat  for  the  comfort 
of  the  officers  and  crew  should  be  available  at  all  times  during  the 
winter,  or  when  in  arctic  waters.  At  present  the  practice  is  to  use  a 
few  small  resistance  coils  occasionally,  but  this  is  bad  practice  be- 
cause of  the  drain  on  the  storage  batteries,  which  reduces  the  operat- 
ing range  of  the  motors  when  the  vessel  is  run  submerged. 

There  are  two  ways  to  obtain  heat,  other  than  the  present  means ; 
especially  in  larger  submarines  than  have  heretofore  been  built  for 
the  Navy,  assuming  that  larger  boats  will  be  built  hereafter;  When 
running  on  the  surface,  the  jacket  water  from  the  engines  can  be 
used  in  "film"  radiators;  or,  the  jacket  water  can  be  heated  and 
stored  in  an  insulated  tank  and  circulated  by  a  centrifugal  pump 
when  submerged ;  or  a  small  coil  boiler  can  be  installed  to  supply 
enough  heat  to  make  the  living  quarters  more  comfortable  than  at 
present.  Artificial  heat  is  desirable  all  the  time  in  winter,  whether 
the  vessel  is  submerged  or  on  the  surface,  whether  standing  or  mov- 
ing and  whether  the  weatlier  is  fair  or  foul. 
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The  heat  from  the  jacket  water,  if  used  direct,  will  only  be  avail- 
able when  the  engines  are  running,  and  this  is  only  when  the  vessel 
is  in  motion,  or  when  standing  with  the  engines  running,  while 
charging  the  batteries.  If  provision  is  made  to  store  a  moderate 
quantity  of  hot  water,  while  the  engines  are  in  operation,  and  circu- 
late this  by  a  small  motor-driven  centrifugal  pump  while  the  vessel 
is  submerged,  it  will  prove  effective  as  a  means  of  making  the  quar- 
ters more  comfortable  as  the  relative  time  one  of  these  vessels  is 
submerged,  as  compared  to  the  total  time  they  are  on  duty,  is  small. 
With  a  small  auxiliary  oil-fired,  coil  boiler  attached  to  the  tank,  the 
vessel  could  be  kept  at  a  comfortable  temperature  when  off  duty  for 
long  periods. 

Suunner  Voitilafiou  :  a.  Submerged: — Natural  ventilation  is  im- 
possible, whether  standing  or  moving,  in  all  kinds  of  weather. 
Artificial  ventilation  is  positively  necessary,  when  submerged. 

b.  On  Surface :— Natural  ventilation  is  possible  under  some  condi- 
tions whether  standing  or  moving  in  foul  weather.  Artificial 
ventilation  is  possible  under  all  conditions,  whether  moving  or 
standing,  in  either  fair  or  foul  weather,  hence  it  should  be  pro- 
vided. 

Suuuncr  Heating:  No  heating  is  required  in  the  summer,  unless 
the  vessel  goes  into  arctic  regions  and  occasionally  when  the  weather 
is  raw  and  cold  at  sea.  However,  any  provision  made  for  winter 
duty  will  be  more  than  ample  for  summer  and  the  heating  plant 
should  be  available  for  instant  use  whenever  required. 

Summer  Cooling:  With  the  properly  designed  ventilating  plant, 
the  vessel  should  be  kept  fairly  comfortable  at  all  times,  by  a  copious 
circulation  of  air  well  directed  through  adjustable  outlet  nozzles,  so 
placed  as  to  enable  the  crew  to  direct  the  flow  of  air  either  onto 
themselves,  or  to  some  other  direction,  whichever  affords  them  the 
greatest  comfort. 

The  volume  should  be  well  above  the  usual  standards,  as  the  ad- 
vantages gained  will  far  exceed  the  slight  difference  in  weight,  space 
occupied  and  power  consumed  to  operate  the  plant  if  confined  to  the 
limits  of  the  least  that  can  be  gotten  along  with,  especially  when 
serving  as  a  means  to  give  relief  from  extreme  heat. 

The  day  the  three  submarines  were  inspected  for  the  purpose  of 
making  these  recommendations,  it  was  very  cold;  it  requires  no 
stretch  of  imagination,  however,  to  appreciate  what  it  must  be  like 
when  confined  in  one  of  them,  while  lying  at  anchor  in  a  tropical 
harbor,  with  the  sun  beating  down  on  the  steel  deck  above.  In 
some  respects,  cooling  appears  more  essential  than  heating  and 
should  have  every  consideration  in  any  contemplated  modifications 
or  improvements. 
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Purifying  or  Reviving  the  Air:  We  do  not  feel  it  falls  within 
our  province  to  undertake  to  make  any  recommendations  as  to  the 
way  to  proceed  to  make  the  air  usable  over  and  over  again,  for  long 
periods,  while  the  vessel  is  submerged,  as  that  is  a  study  in  itself, 
and  has  already  received  a  vast  amount  of  thought  from  those 
closely  associated  with  the  development  of  submarines,  as  well  as 
from  the  most  competent  chemists. 

It  is  perhaps  sufficient  to  say,  that  any  devices  which  are  devel- 
oped for  purifying  or  reviving  the  life-sustaining  qualities  of  the 
air,  must  be  so  designed  as  to  become  an  integral  part  of  the  venti- 
lating system  and  be  easily  switched  off  or  on,  depending  upon 
whether  fresh  air  is  available,  or  the  air  within  the  vessel  has  to 
be  recirculated.  It  should  be  possible  to  accomplish  this  without 
material  complexity. 

These  recommendations  are  based  on  the  idea  that  it  is  the  pro- 
gramme to  build  larger  submarines  than  have  heretofore  been  built. 
Space  would  hardly  permit  these  recommendations  being  executed  in 
the  small  vessels,  and  while  there  will  be  no  waste  space  in  the  larger 
vessels,  yet,  they  can  be  incorporated  into  the  design  of  the  newer 
type  if  they  meet  with  approval  and  there  is  a  disposition  to  adopt 
them. 

Respectfully  submitted, 
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CLASSROOM  VENTILATION 

By  Konrad  Meier,  Winterthur,  Switzerland 
Member 


THE  paper  on  classroom  ventilation  and  respiratory  diseases 
among  school  children  by  S.  Josephine  Baker,  M.  D.,  (No 
68  Reprint  series,  Department  of  Health  of  the  City  of  New 
York)  presents  data  of  considerable  interest  and  value  because 
of  the  prolonged  and  evidently  painstaking  observations  made.  But 
while  the  statistics  on  health  are  fairly  complete  and  will  be  accepted, 
at  least  as  to  the  diseases  in  question,  the  study  fails  to  define  the 
exact  conditions  under  which  they  were  obtained  and  ignores  cer- 
tain factors  that  may  have  had  bearing  upon  the  results.  The 
conclusions  therefore  are  open  to  question  and  apt  to  mislead. 

As  a  student  of  this  particular  subject  for  many  years  and  having 
no  interests  at  stake,  the  writer  may  be  permitted  to  join  in  the 
general  discussion,  pending  the  publication  of  the  complete  data  on 
which  a  more  definite  opinion  may  be  based. 

The  first  of  the  four  conclusions  states :  "That  children  in  class- 
rooms with  closed  windows  and  ventilated  by  mechanical  methods 
were  more  subject  to  respiratory  diseases  severe  enough  to  keep 
them  from  school  attendance  than  were  children  who  were  in  class- 
rooms kept  at  the  same  or  lower  temperature  and  ventilated  wholly 
by  open  windows."  This  finding  is  apparently  based  on  the  tables 
of  data  on  cause  of  absence  in  which,  however,  the  temperatures  are 
not  given,  but  simply  mentioned  to  be  approximately  equal  for  the 
classes  of  type  C,  the  mechanically  ventilated,  and  type  B,  with 
window  ventilation.  According  to  the  tables  on  the  effect  of  tem- 
perature, this  factor  is  given  in  averages,  but  for  different  group- 
ings of  classes,  mixing  up  the  window  and  mechanical  ventilation, 
but  showing  most  of  the  latter  to  have  been  identified  with  the 
warmest  group  of  rooms.  Since  the  analysis  on  the  basis  of  tem- 
perature shows  the  greater  variations,  this  factor  seems  preponder- 
ant and  altogether  more  likely  to  account  for  the  difference  between 
types  B  and  C  than  the  method  of  ventilation  alone.  The  results 
with  type  A,  the  window  ventilated  classes  at  low  temperature,  do 
not  disprove  that  influence.  The  figures  for  the  group  of  coldest 
rooms  would  rather  confirm  it,  as  one  might  expect  the  extremes 
to  be  less  favorable. 
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While  temperatures  between  50  and  60  deg.  fahr.  are  lower  than 
most  of  the  children  are  used  to  at  home  and  are  not  comfortable 
in  ordinary  clothing,  it  is  equally  true  that  rooms  heated  to  68  deg. 
fahr.  are  really  warmer  than  necessary  and  anything  over  70  deg. 
fahr.  is  unwholesome  in  winter,  because  not  suited  to  the  active 
child  of  school  age.  But  aside  from  the  depressing  effect  on  vitality 
overheating  is  undesirable,  because  it  increases  the  tendency  to 
draughts  and  the  liability  to  take  cold.  It  is  probable,  that  the 
classes  of  types  B  and  C  had  been  more  or  less  overheated.  From 
the  results  with  type  A  one  might  conclude  lower  temperatures  to 
have  been  more  conducive  to  health.  The  best  range  is  not  estab- 
lished by  this  study,  but  according  to  other  investigations  and 
experience  it  is  likely  to  be  between  64  and  66  deg.  fahr.,  depending 
somewhat  on  conditions  affecting  the  sensible  heat. 

The  above  finding  may  therefore  very  well  be  due  to  the  more 
frequent  overheating  of  the  mechanically  ventilated  classes.  This 
fact  seems  to  have  been  regarded  as  co-incident  to  the  type  of 
ventilation,  but  no  figures  are  offered  which  would  show  whether 
the  fault  lay  in  the  system,  in  the  manner  of  application,  or  in  the 
attendance.  The  records  of  air  conditions  and  temperatures  of  air 
supply  and  exhaust  at  the  beginning  as  well  as  at  the  end,  giving 
the  rise  during  the  sessions,  would  have  furnished  valuable  data 
and  proved  that  point. 

The  conclusion  fails  to  mention  the  greater  absence  due  to  sickness, 
other  than  respiratory,  for  type  B,  which  held  true  for  both  periods 
of  observation  and  would  indicate  the  effect  of  taking  cold  from 
open  windows,  especially  in  the  highly  heated  rooms.  The  apparent 
advantage  of  less  respiratory  diseases  found  for  type  B  and  prob- 
ably due  to  temperature,  is  in  fact  nearly  offset  by  a  greater  tendency 
to  other  ills,  the  total  being  33.7  per  thousand  for  type  C  against 
33.4  for  type  B  during  the  mid-winter  test,  and  39.2  against  36.3 
for  the  early  spring  test,  which  would  naturally  favor  window- 
ventilation.  These  figures  suggest,  that  during  the  latter  study  there 
were  probably  a  number  of  mild  days  (as  also  confirmed  by  the 
record  of  overheating)  during  which  the  window  ventilation  pre- 
sents no  difficulties  and  is  recognized  to  be  the  proper  thing.  This 
means,  that  possibly  the  inquiry  had  not  been  limited  to  the  condi- 
tions for  which  mechanical  ventilation  is  intended,  nor  is  it  certain, 
whether  it  had  been  confined  strictly  to  the  recognized  field  of 
application  as  outlined  for  instance  by  Dr.  E.  Vernon  Hill  in  his 
admirable  argument  before  the  Society  (see  page  59  of  this  volume). 
The  paper  describing  the  study  gives  no  indication  as  to  the  type 
and  location  of  the  schools  selected,  nor  of  the  actual  air  space 
and  the  window  area  per  pupil,  all  of  which  may  bear  on  the  results. 
In  a  comparative  test  between  two  types  of  ventilation,  where  only 
certain  differences  in  quantity  and  quality  will  count,  such  factors 
are  essential  and  should  at  least  have  been  recorded  and  allowance 
made  for  them  in  the  conclusions. 

The  second  conclusion  says :  "That  children  in  classrooms  with 
closed  windows  and  ventilated  by  mechanical  methods  were  more 
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subject  to  respiratory  diseases  not  sufficiently  severe  to  keep  them 
from  school  attendance  than  were  children  who  were  in  classrooms 
kept  at  the  same  or  lower  temperature  and  ventilated  wholly  by 
open  windows."  The  records  of  sickness  in  reference  to  this  point 
show  a  decided  increase  for  type  C  as  compared  with  type  B  and 
indicate  a  larger  influence  on  the  slight  respiratory  ailments.  How- 
ever, it  seems  fair  to  conclude,  that  these  are  also  induced  mainly 
by  overheating,  as  the  highest  rate  of  respiratory  disease  in  at- 
tendance was  observed  in  the  25  warmest  rooms  during  the  longer 
mid-winter  study  and  after  the  windows  of  type  B  were  protected 
with  deflectors,  so  that  the  effects  from  that  source  were  probably 
reduced.  The  low  temperatures  of  type  A  also  seem  to  have  a 
more  pronounced  eflfect  on  the  slight  respiratory  cases.  Since  the 
method  of  ventilation  is  the  same  as  for  type  B,  the  influence  of 
temperature  is  again  most  probable,  the  extremes  in  both  directions 
causing  harm. 

Unfortunately,  the  sickness  other  than  respiratory  among  the 
pupils  in  attendance  is  not  stated,  so  that  the  general  effect  on 
health  remains  in  doubt.  In  any  event,  the  second  finding  is  by  no 
means  conclusive  in  regard  to  the  diseases  in  question  unless  the 
complete  records  show  that  a  dift'erence  in  air  condition  existed 
and  was  due  to  the  method  of  ventilation. 

As  to  the  third  finding:  "That  the  relative  humidity  of  class- 
rooms, whether  ventilated  by  natural  or  mechanical  means,  was 
not  a  causative  factor  in  the  occurrence  of  respiratory  illness  among 
school  children,"  it  merely  confirms  the  subordinate  influence  of  the 
percentage  of  saturation  in  itself.  The  controversy  upon  this  point 
arises  largely  from  the  fact,  that  this  percentage  does  not  really 
express  the  eft'ect  of  moisture  on  comfort,  just  as  the  ordinary  (dry 
bulb)  thermometer  readings  do  not  accurately  give  the  sensible 
temperature.  The  latter  runs  more  nearly  parallel  with  the  wet 
bulb  readings,  but  these  again  do  not  absolutely  measure  the  degrees 
of  comfort,  since  that  is  dependent  on  still  other  factors,  such  a? 
air  movement  and  radiant  heat.  It  would  have  been  of  greater 
interest  to  analyze  on  the  basis  of  wet  bulb  temperatures,  as  observed 
during  the  sessions,  not  only  afterwards. 

The  influence  of  moisture  on  air  conditions  depends  further  upon 
its  ability  to  purify  the  air,  that  is,  upon  the  manner  in  which  it  is 
applied  and  indirectly  also  upon  the  sources  of  dust.  Moistening 
improves  the  air,  when  effected  by  washing  the  supply  before-  the 
entrance  into  a  classroom.  Such  benefit  ceases,  however,  if  the 
washer  is  allowed  to  become  foul.  The  results  may  also  be  more 
or  less  off'set  by  unsanitary  heating  apparatus  gathering,  drying  and 
circulating  dust,  which  is  always  present  in  schools.  It  has  been 
shown,  that  decomposition  of  dust  on  direct  heating  surfaces,  which 
creates  that  unpleasant  odor  when  steam  is  turned  on,  is  favored 
by  moisture.  For  these  reasons,  moistening  within  the  rooms  will 
rarely  do  any  good.  It  does  not  purify,  but  merely  relieves  excessive 
dryness  of  overheated  air,  which  could  be  avoided  by  better  methods 
of  heating. 
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As  far  as  the  records  presented  in  the  paper  permit  analysis  at 
all,  one  might  reasonably  arrive  at  the  following  conclusions,  apply- 
ing, of  course,  only  to  the  twelve  plants  under  observation,  which 
may  or  may  not  have  been  representative  and  within  the  field  of 
mechanical  ventilation : 

1.  The  occurrence  of  respiratory  diseases  severe  enough  to  keep 

children  from  school  seems  to  be  influenced  more  by  tempera- 
ture than  by  the  type  of  ventilation.  Whether  the  former  is 
coincident  with  the  latter  is  not  shown.  A  disadvantage  of 
mechanical  ventilation  in  respect  to  such  diseases  is  not  estab- 
lished and  not  likely  for  equal  temperatures. 

2.  The  absence  due  to  all  kinds  of  sickness  are  practically  equal 

for  both  types  in  spite  of  the  less  favorable  temperature  con- 
ditions maintained  in  the  classes  having  mechanical  ventilation. 

3.  The  bearing  of   mechanical   ventilation   on   respiratory   diseases 

among  the  pupils  in  attendance,  that  is,  upon  the  slight,  but  more 
numerous  cases,  is  probable  alongside  of  temperature,  but  not 
certain. 

4.  The   efifects  on   indisposition  in  general  among  the  children   in 

attendance  does  not  seem  to  have  been  noted. 

5.  The  preponderant  influence  of  temperature  on  the  rate  of  disease 

suggests  that  the  results  have  more  to  do  with  the  heating  and 
possibly  with  the  moistening  as  affecting  sensible  temperature 
and  purity  of  the  air. 

6.  The  results   show  the  absolute  necessity  of  obtaining  complete 

records  of  the  performance  of  the  heating  and  ventilating  ap- 
paratus observed,  particularly  as  to  the  variations  in  tempera- 
ture and  quality  of  the  air  during  the  sessions,  so  that  com- 
parison may  be  based  on  what  can  reasonably  be  expected  from 
the  plants  in  question. 

Evidently,  such  investigations  conducted  mainly  from  the  medical 
point  of  view  and  failing  to  take  into  account  the  engineering  side, 
cannot  really  give  the  correct  answer  to  the  question.  When  allow- 
ance is  made  for  disturbing  factors,  they  will  at  best  bring  out  a 
general  tendency.  This,  however,  confirms  again  that  even  the  later 
practice  in  mechanical  ventilating  is  not  yet  meeting  all  the  reason- 
able expectations  and  that  the  earlier  examples  of  the  art  in  a 
great  measure  deserve  criticism  and  are  responsible  for  the  opposi- 
tion now  encountered.  It  will  be  for  the  engineers  to  study  the 
faults  of  past  and  present  practice  and  to  apply  themselves  to 
correcting  and  avoiding  them.  A  few  suggestions  to  that  end  may 
be  in  order. 

The  recent  investigation  suggests,  for  instance,  that  those  un- 
pleasant and  irritating  effects  of  unsanitary  and  poorly  arranged 
steam  heat  may  account  for  certain  unfavorable  results.  It  is  a 
fact  that  currents  of  excessively  hot  and  dusty  air  from  the  older 
types  of  direct  heating  apparatus  will  be  dissipated  and  relieved  by 
open  windows,  while  mechanical  ventilation  is  less  efficient  in  this 
respect.  A  fair  inference  would  be,  that  the  heating  is  at  fault, 
rather  than  the  ventilation,  which  must  bear  the  criticism  as  a  rule. 
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Even  the  best  of  steam  heating  apparatus  as  now  installed  is  hardly 
fit  for  class  rooms,  because  of  the  locally  intense  and  intermittent 
radiation.  It  is  difficult  to  distribute  and  place  the  heating  surfaces 
in  such  manner  as  to  avoid  disagreeable  and  excessive  radiating 
effects  for  the  nearest  pupils.  Any  shields  and  screens  used  to 
prevent  this  turn  the  direct  heat  into  indirect  hot-air  heating.  This 
raises  the  air  temperature  for  equal  comfort,  because  of  the  missing 
radiant  heat,  which  does  not  require  the  medium  of  air  to  be 
effective.  The  higher  air  temperatures  mean  excessive  dryness 
and  increasing  dust  nuisance.  If,  in  addition,  the  fresh  air  supply 
is  tempered  by  indirect  steam-heating  surfaces  without  previous 
cleaning,  this  dry  and  dusty  condition  is  not  likely  to  be  relieved  by 
it.  It  may  even  be  aggravated  where  the  air  is  introduced  above 
room  temperature  in  order  to  assist  heating  or  to  avoid  draughts. 
In  such  cases  the  satisfying  effect  of  opening  the  windows  lies  not 
only  in  the  stimulation  due  to  the  momentary  cooling,  but  in  the 
lower  air  temperatures  maintained  while  fresh  and  cooler  air  is 
admitted.  On  mild  winter  days  when  there  is  a  tendency  to  over- 
heating, this  will  naturally  be  found  more  pleasant  and  beneficial 
so  long  as  the  walls  are  not  chilled  and  excessive  draughts  are 
prevented.  But  for  average  winter  weather  and  especially  in  city 
schools,  fair  conditions  are  most  difficult  to  maintain  by  such  means, 
that  is,  by  open  windows.  It  is  here  that  mechanical  ventilation 
must  step  in.  It  will  only  be  successful,  however,  if  conditions  are 
secured  with  it  similar  to  those  secured  with  open  windows  in 
pleasant  weather.  The  air  must  be  sweet  and  cool  with  gentle, 
barely  perceptible,  motion. 

The  requirements  of  classrooms  therefore  might  be  better  met 
by  direct  hot-water  heating,  which  must,  and  can  be,  just  as  re- 
sponsive as  steam,  while  providing  radiant  heat  in  milder  form, 
gradually  decreasing  during  the  sessions  and  as  the  rooms  are 
tending  to  warm  up.  The  heating  surfaces  should  be  underneath 
the  windows  and  outside  walls  and  distributed  for  their  entire 
length.  This  will  avoid  the  need  of  screening  against  intense  radia- 
tion, which  is  undesirable  with  any  system.  Heating  surfaces  should 
be  easily  cleanable  and  the  dust  should  be  seen  so  that  it  will  be 
removed.  Piping  forming  dirt  corners  should  not  be  tolerated  within 
the  classrooms. 

It  is  preferable  on  the  whole  to  have  the  heating  sufficient  in 
itself  and  independent  of  the  air  supply.  The  ventilating  plant  may 
then  be  designed  and  operated  to  better  advantage,  that  is,  more 
strictly  for  its  own  particular  duties,  which  lie  more  in  the  direc- 
tion of  cooling.  It  must  carry  off  an  excess  of  heat  generated  by 
a  room  full  of  pupils,  sometimes  increased  by  the  sun  or  other  heat 
sources.  This  cooling  is  difficult  to  accomplish  by  an  air  supply 
that  is  first  called  upon  to  heat,  because  the  changes  from  hot  to 
cold  in  themselves  increase  the  liability  to  draughts,  owing  to  the 
higher  air  temperatures  at  the  beginning  of  the  sessions.  Even  with 
gradual  regulation  through  double  ducts  and  mixing  dampers,  the 
results  are  doubtful  and  the  uncertainties  are  increased  by  the  diffi- 
culty  of   permanently   adjusting  the   distribution   between   several 
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rooms  under  varying  delivery.  Heating  with  well-distributed  and 
moderately  hot  surfaces,  which  creates  the  fewest  hot-air  currents 
and  tends  in  itself  to  lower  the  air  temperature,  also  allows  a 
constant  supply  to  be  introduced  at  lower  and  more  even  tempera- 
ture, that  is,  with  the  least  danger  of  draughts.  But  even  then,  air 
below  room  temperature  cannot  be  introduced  safely  through  one 
large  register  with  open  meshes,  as  now  most  frequently  used.  It 
is  advisable  to  provide  two  or  three  flues  for  classes  of  normal  size 
with  openings  divided  into  several  vertical  slots,  separated  so  as  to 
split  up  the  stream  of  incoming  air  and  to  mix  it  before  it  reaches 
the  breathing  zone.  Since  smaller  flues  are  easily  placed  in  the 
division  walls,  such  lay-outs  are  not  impractical  and  not  unreason- 
ably expensive. 

A  further  cause  of  poor  results  is  often  found  in  the  failure  to 
provide  proper  means  for  the  removal  of  the  foul  air.  Any  plenum 
system,  depending  on  the  pressure  of  the  supply  fan  to  crowd  out 
the  air  somehow,  is  bound  to  be  unreliable,  because  the  renewal 
will  then  be  largely  affected  by  wind  pressure,  temperature  and  a 
number  of  conditions  beyond  control.  Moreover,  the  distribution 
is  always  difficult  to  adjust  where  delivery  is  governed  by  acci- 
dental leakage.  In  rooms  with  leakage  overhead  where  the  out- 
ward pressure  is  greatest,  a  large  part  of  the  fresh  air  will  never 
reach  the  breathing  zone,  which  means  reduced  efficiency  of  ventila- 
tion. But  a  good  exhaust  system  is  not  only  desirable  for  the  hand- 
ling of  the  proper  volumes,  it  is  also  more  effective  in  removing  the 
school  dust  and  stuffy  air  resulting  from  it,  just  as  smoke  is  cleared 
away  better  under  suction.  From  this  point  of  view  a  slight  excess 
of  exhaust  capacity  would  seem  to  be  desirable  and  should  do  no 
harm  in  other  respects. 

Mechanical  ventilation  can  only  meet  the  requirements,  if  the 
volume,  temperature  and  purity  of  the  air  supply  are  under  perfect 
control.  If  owners  are  not  willing  to  pay  for  the  equipment  neces- 
sary to  that  end,  it  is  better  to  desist.  In  most  cases,  however,  it 
is  possible  to  economize  by  boiling  things  down  to  the  simplest  form 
without  sacrifice  of  capacity  or  essential  parts.  In  fact,  the  plant 
is  often  improved  in  the  process  of  working  it  over. 

Another  factor  bearing  on  the  results,  to  an  extent  not  generally 
appreciated,  is  the  correct  design  of  the  air  conduits.  To  plan  and 
build  these  on  sanitary  and  true  aero-dynamic  principles  is  not  only 
practicable,  but  advantageous  in  more  than  one  respect.  It  gives 
assurance  of  distribution  and  delivery  with  the  least  power  and  the 
fewest  chances  of  noise — in  short,  it  makes  for  an  efficient  and 
smoothly  working  system.  To  obtain  the  best  results  is  not  a 
matter  of  following  any  particular  set  of  rules  in  calculation,  but 
of  intelligent  treatment  of  the  individual  problem.  As  guiding  prin- 
ciples may  be  mentioned,  that  the  ducts  should  always  be  as  short 
and  straight  as  possible  and  that  the  air  supply  ducts  in  particular 
should  be  made  self-cleaning,  which  means  a  design  with  fairly  high 
velocities  and  avoiding  sudden  enlargements  and  contractions,  sharp 
turns  and  all  unnecessary  losses  of  motion  in  general.    Even  if  self- 
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cleaning,  at  least  the  horizontal  mains  should  be  accessible  for  in- 
spection and  adjustment,  if  need  be.  The  necessity  for  the  latter, 
however,  should  be  avoided  by  proper  calculation  on  the  basis  of 
even  total  pressure  losses  for  all  points  of  delivery.  The  design 
must  go  hand  in  hand  with  such  calculation.  While  the  shapes 
must  be  suited  to  the  material  and  be  easy  to  build,  it  is  always 
possible  to  find  a  solution  assuring  an  easy  flow  and  avoiding  such 
features  as  are  uncertain  in  effect.  Even  complicated  systems, 
when  accurately  sized  and  installed  under  intelligent  supervision 
should  distribute  the  right  volumes  at  the  first  trial  without  any 
deflectors  or  other  adjustments.  Dampers  should  not  be  required, 
except  at  the  main  intake  and  outlet  on  roof.  Such  plants  are 
preferable,  because  they  will  handle  the  air  with  the  least  resistance 
and  power,  require  moderate  speed  and  mainly  also,  because  they 
are  less  likely  to  be  tampered  with.  Every  opportunity  for  throttling 
and  shutting  off  increases  the  chance  of  disturbing  deliveries,  hence 
also  of  complaints  and  interference  by  incompetent  parties,  which 
is  a  frequent  source  of  dissatisfaction.  Since  the  process  of  adjust- 
ment after  installation  is  uncertain  at  best  and  we  are  never  sure 
of  its  being  carried  out  right  owing  to  wind,  weather  and  the  per- 
sonal factor,  it  is  best  to  forestall  by  accurate  planning.  This  means 
painstaking  work  and  experience  in  laying  out  and  supervising,  but 
then,  mechanical  ventilation  is  a  complex  and  difficult  matter  pre- 
senting certain  problems  that  cannot  successfully  be  accomplished 
by  thumb-rule  methods. 

It  may  be  an  open  question,  whether  an  up-to-date  direct  hot- 
water  heating  apparatus  with  properly  conditioned  mechanical  air 
supply  and  forced  exhaust  will  come  higher  jn  first  cost  than  the 
typical  steam  plant  with  its  more  expensive  regulation  and  a  venti- 
lating system  of  indifferent,  but  generally  less  economical  design. 
There  should  be  no  question,  however,  that  the  complete  and  high 
class  plant,  when  simplified  in  design  and  every  part  made  to 
perform  its  duty,  will  prove  the  better  investment  to  the  owner. 
The  one  will  satisfy  and  be  of  service,  while  the  other  is  likely  to 
fail  in  one  or  more  respects  and  may  soon  be  out  of  use. 

If  mechanical  ventilation  is  to  have  a  future  in  schools  and  other 
public  work,  it  Seems  necessary : 

1.  To  limit  installations  to  cases  within  the  legitimate  field,  that  is, 

where  natural  methods,  owing  to  particular  and  unquestioned 
conditions,  cannot  satisfy. 

2.  To  design  new  plants   strictly  on  sanitary  lines,  paying  more 

attention  also  to  the  heating  apparatus.  Heating  should  be 
independent  of  ventilation.  Classes  should  be  warmed  mainly 
by  radiant  heat  in  mildest  form  and  well  distributed.  The 
air  supply  must  be  pure  and  cool,  its  temperature  but  slightly 
lowering  during  sessions,  w^hich  means  careful  distribution  and 
diffusion.  Positive  means  for  exhaust  are  necessary  to  assure 
the  proper  change  of  air  and  desirable  for  the  eft'ective  re- 
moval of  dust.     Careful   design   of  ductwork  is   essential  to 
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avoid  irregular  delivery  of  air  in  classes  through  tampering  or 
throttling  in  other  rooms. 

3.  To  go  over  the  earlier  plants,  that  have  given  rise  to  complaints, 

and  improve  or  rebuild  them  in  the  light  of  present  experience. 
This  task  is  most  difficult  and  can  be  intrusted  only  to  thoroughly 
competent  and  trustworthy  parties,  but  it  seems  important  to 
remove  at  least  the  worst  and,  so  far  as  possible,  all  of  the  just 
causes  of  complaint. 

4.  To  obtain  numerous  records  of  air  conditions  for  entire  seasons 

secured  by  various  systems  of  ventilation  and  heating  in  actual 
use,  accompanied  by  accurate  plans  and  descriptions  of  the 
plants. 

5.  To  start  research  as  to  the  methods  of  heating  and  ventilating, 

that  will  produce  in  the  long  run  and  with  the  least  difficulties 
the  most  desirable  air  conditions,  measured  by  accepted  stand- 
ards as  well  as  by  daily  impressions. 

DISCUSSION 

John  R.  Hale: — Mr.  Chairman,  it  seems  to  me  that  if  this  paper 
were  taken  in  conjunction  with  Perry  West's  paper  read  in  January 
and  the  discussion  which  followed  and  some  note  made  in  pub- 
lished volume  of  the  transactions,  it  would  bring  the  two  together 
and  perhaps  give  both  sides  of  the  story. 

E.  V.  Hill: — I  want  to  call  your  attention  to  the  first  para- 
graph on  page  4:  "The  occurrence  of  respiratory  diseases  severe 
enough  to  keep  children  from  school  seems  to  be  influenced  more 
by  temperature  than  by  the  type  of  ventilation." 

It  seems  that  a  good  many  of  us  are  still  running  in  circles  in 
discussing  this  question  of  ventilation.  The  author  makes  a  clear 
distinction  between  the  temperature  of  the  air  in  the  room,  pre- 
sumably, and  the  type  of  ventilation.  Now  there  is  no  such  thing, 
to  my  mind,  as  a  type  of  ventilation.  The  ventilation  of  a  room  is 
determined  by  the  various  factors  that  influence  it.  For  instance, 
the  temperature  is  one  of  them,  the  humidity  is  another,  dust  con- 
tent is  another.  More  important,  perhaps,  than  the  others  is  the 
wet  bulb  temperature,  but  to  talk  about  types  of  ventilation  is  mis- 
leading. There  are  only  two  types,  good  and  bad,  although  there 
may  be  a  number  of  grades  of  each  and  when  we  consider  all  of 
the  air  conditions  in  a  room  that  produce  health  and  comfort,  we  will 
escape  from  a  good  many  troubles  we  face.  If,  in  those  tests  by  Dr. 
Josephine  Baker,  we  knew,  which  unfortunately  we  do  not,  all  the 
factors  that  go  to  make  up  the  air  condition,  we  could  analyze,  and 
perhaps  criticize,  her  results. 

It  is  foolish  to  talk  about  the  temperature  as  a  thing  set  apart 
by  itself.  What  was  the  humidity?  What  were  all  the  factors? 
In  other  words,  was  the  ventilation  good,  bad  or  indifferent  in  this 
room?  Sometimes  it  is  good  and  sometimes  it  is  the  opposite. 
The  same  may  be  said  of  the  mechanical.  I  think  it  is  a  funda- 
mental necessity,  to  get  a  conception  of  what  is  meant  by  ventila- 
tion and  then  we  will  not  have  to  contend  with  these  troubles. 


No.  525 

A  COMPARATIVE  STUDY  OF  NATURAL  AND 

MECHANICAL  VENTILATION  FOR 

SCHOOL  ROOMS 

By  F.  Gardner  Legg\  Detroit,  Mich.     (Non-Member) 

and 

W.  F.  Walker-,  Detroit,  Mich.     (Non-Member) 

EARLY  last  fall  the  Sanitary  Bureau  of  the  Detroit  Depart- 
ment of  Health,  in  conference  with  those  of  the  staff  of  the 
Board  of  Education  interested,  decided  to  make  some  studies 
in  class  room  ventilation.  The  ultimate  object  was  to  determine 
what  qualities  must  be  present  in  class  rooms  so  that  the  physical 
well-being,  comfort,  and  mental  alacrity  of  the  pupils  may  be  at  as 
high  a  standard  as  possible,  and  thereby  render  the  pupil  com- 
pletely at  ease  and  readily  responsive  to  the  eft'orts  and  influence 
of  the  teacher. 

That  no  phase  of  school  ventilation  might  be  left  unconsidered, 
the  initial  studies  determined  upon  included  a  comparison  of  class 
rooms  under '  atmospheric  conditions  definitely  and  automatically 
controlled  on  the  one  hand,  in  contrast  to  similar  class  rooms  occu- 
pied by  similar  pupils  in  w'hich  the  temperature  was  controlled  as 
nearly  as  might  be,  wdiile  the  humidity  and  air  motion  were  factors 
of  the  outside  condition  controlled  by  adjustment  of  wandows. 

For  the  purpose  of  this  work  the  James  Burrill  Angell  school 
was  selected.  This  school,  a  20-room,  two-story  building,  was  com- 
pleted just  before  the  opening  of  the  session  in  1917,  and  repre- 
sented the  best  in  design  of  school  buildings  at  that  time.  It  is 
situated  in  the  center  of  one  of  the  better  residence  districts  of 
the  city  where  the  home  conditions  are  uniformly  good  and  need 
not  be  reckoned  with  in  these  studies.  The  mechanical  equipment 
of  the  building  consisted  of  (1)  a  certain  amount  of  direct  radia- 
tion in  each  class  room,  sufficient  to  care  for  60  per  cent  of  the 
heat  losses  of  the  room;  (2)  a  plenum  system  of  ventilation  whereby 
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air  drawn  from  above  the  roof  is  washed,  tempered  and  humidified 
and  introduced  into  the  room  through  supply  registers  near  the 
ceiHng  of  the  inside  wall  and  exhausted  by  gravity  through  registers 
in  the  same  w^all  at  the  floor  line.  The  control  apparatus  was  set 
to  maintain  a  uniform  temperature  of  68  deg.  fahr.  in  the  class  room 
and  a  relative  humidity  of  approximately  42  per  cent.  The  building 
is  built  in  the  shape  of  a  U  with  the  open  end  to  the  west. 

The  arrangement  of  rooms  is  shown  in  Fig.  1.  It  was  decided 
to  operate  eight  rooms  with  mechanical  ventilation,  and  an  equal 
number,  having  the  same  exposure,  without  any  mechanical  arrange- 
ment for  ventilation.  This  lay-out  brought  a  mechanically  ven- 
tilated room  directly  above  a  naturally  ventilated  room  and  vice 
versa. 


r^^^B 
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1 

^B 

1 

■ 

hi 

FIG.  2. 


VIEW  OF  BAFFLES  AND  RADIATORS  INSTALLED  IN  OPEN  WINDOW 
VENTILATED    ROOMS 


In  order  that  the  conditions  in  the  naturally  ventilated  rooms 
might  be  the  best  obtainable  under  the  circumstances  extra  radia- 
tion under  thermostatic  control  was  installed  in  front  (5f  the  win- 
dows ;  the  windows  were  screened  with  fine-mesh  cheese  cloth  to 
break  the  wind  and  keep  out  the  dust.  Draft  deflectors,  15  in.  in 
height  and  having  a  slight  inward  slope,  were  installed  so  that  the 
incoming  cold  air  would  be  deflected  and  mix  w^ith  the  rising 
column  of  air  from  the  radiators  without  causing  undue  draft  on 
the  heads  of  the  pupils.  The  arrangement  of  extra  radiation, 
screens,  and  baffles  is  clearly  indicated  in  Fig.  2. 

The  work  was  completed  and  arrangements  made  for  collecting 
and  recording  the  data  by  February  1.  1919.  It  was  decided  to 
obtain  the  following  information  concerning  the  conditions  in  each 
room: 
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1.  Temperature — Dry  and  wet  bulb;  to  be  the  average  of  four 
selected  stations  in  each  room  taken  daily; 

3.     Air  Motion — Daily  readings  at  each  of  four  stations  in  a  room ; 

3.  Primary   sense   impression — To   be   the   observer's   impression 

upon  entering  the  room;  recorded  as  "hot,"  "close,"  "pleasant" 
or  "cool." 

4.  Determination  of  CO 2 — To  be  made  at  each  station  for  pur- 
poses of  determining  (a)  the  total  amount  of  air  supplied  and 
(b)  the  distribution  of  air  within  the  room. 

5.  Dust  count — To  be  made  at  each  station ;  determination  made 

with  Hill's  dust  counter. 


FIG.    3.      EXTERIOR   VIEW   OF   .\NGELL   SCHOOL,   DETROIT,    MICTT.- 

6.  Bacteria  count — To  be  made  at  each  station  Ijy  exposing  stand- 

ard Agar  plates  two  minutes  and  incubating  24  hours  at  20 
deg.  cent. ; 

7.  Determination  of  fuel  consumption — To  be  made  by  measuring 

condensation  from  all  radiation  and  from  radiation  in  naturally 
ventilated  rooms ; 

8.  Determination  of  mental  alacrity  of  pupils — By  means  of  com- 

parative mental  tests  similar  to  the  Binet  test; 

9.  Comparison  of  physical  condition  of  pupils- — By  careful  medical 
inspection  and  constant  nursing  supervision. 

The  carrying  out  of  this  program  was  intended  to  occupy  the 
greater  part  of  one  whole  school  year,  in  order  that  all  weather 
conditions  might  be  experienced. 

The  attitude  of  the  teaching  stafif  was  most  favorable.  In  many 
instances  individual  teachers  asked  that  they  might  be  given  one 
of  the  naturally  ventilated  or  so-called  "open  window"  rooms.  Care 
was  taken  to  inform  them  as  to  the  purpose  and  method  of  con- 
ducting the  test  and  their  hearty  support  and  approval  was  assured. 
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RESULTS 

Before  proceeding  to  a  detailed  discussion  of  the  data  collected  it 
must  be  clearly  emphasized  that  in  the  judgment  of  the  writers,  no 
complete  scientific  data  upon  which  definite  conclusions  might  be 
based  were  obtained.  The  primary  object  of  the  experiment  was 
to  determine  and  measure  the  air  conditions  as  they  existed  in  the 
various  rooms  and  by  careful  observation  to  determine  the  physical 
effect  of  these  conditions  upon  the  minds  and  bodies  of  the  pupils. 
It  was  impossible  to  accomplish  this  end. 

Before  the  observations  had  been  carried  on  for  two  months  a 
strong  opposition  developed  in  the  teaching  staff  of  the  naturally 


FIG.  4. 


ARRANGEMENT  OF  SUPPLY  AND  EXHAUST  REGISTERS  IN  TYPICAL 
MECHANICALLY   VENTILATED   ROOM 


ventilated  rooms  and  from  them  was  spread  to  the  children  and 
parents  to  such  an  extent  that  it  was  impossible  to  further  conduct 
the  experiment  upon  an  unbiased  basis. 

The  opposition  contended:  (a)  that  it  was  impossible  to  keep 
the  temperature  and  air  motion  conditions  in  the  naturally-ventilated 
room  within  the  bounds  of  comfort;  ib)  that  the  absences  because 
of  illness  of  pupils  and  teachers  in  naturally-ventilated  rooms  in- 
creased to  an  alarming  extent;  (c)  that  the  air  in  the  naturally- 
ventilated  rooms  was  stagnant  and  heavy,  causing  depression  and 
headaches. 

Because  of  the  short  duration  of  the  test,  sufficient  data  to  w^ar- 
rant  their  presentation  were  collected  on  only  a  few  of  the  points. 
Figs.  5  and  6  show  a  comparison  of  two  groups  of  typical  me- 
chanically and  naturally-ventilated  rooms.  At  the  top  of  the  chart 
is  shown  in  solid  lines  the  dry  bulb  temperatures  of  the  naturally- 
ventilated  rooms  with  the  dry  bulb  temperatures  of  the  mechanically 


278 


Transactions  of  Am.  Soc.  of  Heat.  &  Vent.  Engineers 


i 

0 

\ 

/ 

f 

I 

J 

r 

/ 

\ 

\ 

/ 

r 

/ 

\ 

/ 

*^ 

^^ 

\ 

'"--. 

~-; 

^ 

'' 

\ 

s 

y 

f 

{, 

t 

) 

c 

i 

fl 

« 

/ 

^ 

N 

\ 

\ 

\ 

\ 

>^ 

\ 

( 
\ 

/ 

/ 

/> 

/ 

^ 

/ 

u 

1 

f 

/^ 

\ 

/ 

/ 

X 

J 

/J 

A 

^1 

V 

^ 
1 

ki 

^ 

^ 

^1 

cgc§ 
■  O 

i 

i 

'^ 

^ 

— 

\ 

? 

] 

'p 

/* 

1 

a — ' 

[^ 

>• 

• 

^ 

03 

\ 

1 

^ 

\ 

\ 

^ 

— 

\l 

■^ 

X 

\ 

1 

1 

\ 

^ 

\  1 

8 

\ 

i 

\  1 

\  1 

w 

\ 

S" 

l\ 
1 

\ 

^ 

\ 

— 1/1 

l\ 

^ 

-1- 

.c: 

^ 

^ 

^- 

A 

^ 

^ 

I 

V 

X 

^ 

/ 

J 

P 

'\ 

s. 

i 

^ 

^ 

> 

-^ 

V 

-- 

Qv 

i>. 

■s 

^ 

\ 

r^ 

r 

9^ 

, 

,<^ 

^ 

9 

^ 

K 

r^ 

^ 

i--^' 

\ 

A 

>«._ 

*>. 

i, 

^ 

"--^ 

^ 

>^ 

-,'' 

n 

-^ 

f 

f^i 

< 

>-^ 

\ 

\ 

\ 

\ 

\ 

\ 

^ 
\ 

\ 

\ 

\ 

\ 

I 

V 
1 

^ 

\ 

^H 

' 

c 

-) 

c 

> 

c 

y 

< 

3 

, 

*- 

%    * 

— : 

5 

OK 
u 

o  . 

qS 

<S 

w -r 

3§ 

HU 

W  -, 

^::^ 

^^ 
«^ 

<o 

^< 
o" 

OS 

un; 

H 

oo 
do 

^^- 

>w 

H 

b< 
OJ 

<j 
^< 

Ou 

.< 


Natural  &  Mech.  Vent,  for  School  Rooms,  Legg  &  Walker 


279 


1 

/ 

f 

/ 

/ 

\ 

\ 

^      . 

! 
< 

9 
I 

-H^ 

Ih 

^-^ 

n 

' 

} 

/ 

\ 

/ 

J 

/ 

J 

^ 

J 

y 

\ 

/ 

^ 

\ 

\ 

r 

\ 

V 

1 

'    1 

"i 

/ 

\ 

1 

A 

\ 

1 
< 

^ 
^ 

V 

\i 

\ 

"^ 

\ 

\ 

V 

V 

J 

1 

1- 

l- 

n? 

^ 

-^ 

} 

^ 

\ 

\ 

i\ 

^ 

1 

^ 

■  ^ 

i 

1 

<- 

i*^' 

K, 

N 

\ 

ii 

<s 

\ 

1 

\ 

1  — 

to 

-0  

H 

g 

\ 

\ 

, 

\ 

o 

A 

-/ 

s^ 

^ 

f\ 

■^ 
ii^ 

, 

1 

^ 

\ 

T 

^ 

1- 

to 

/ 

/ 

^' 

>5 

/T 

/ 

/ 

1 

1 

/ 

' 

/ 

V 

/ 

1 

?^~ 

^^ 

/ 

*-^ 

5^ 

% 

h^ 

"'* 

■^ 

^ 

f — ■ 

^6 

\ 

? 

■ 

5 

A 

I 

--. 

\ 

4 

"v. 

^ 

1 

} 

J" 

k 

ft 

? 

? 

^ 

b' 

/ 

i< 

,^ 

h 

--^ 

M. 

•c 

■ — 

■--> 

/ 

*-^ 

^ 

r^i 

V' 

/ 

/* 

P' 

^ 

n 

H; 

Z^^— 

/* 

) — 

^ 

K 

' 

/ 

^ 

' 

\ 

/ 

^ 

\ 

\ 

-t) 

^ 

o 

CO 

R° 

hj 

^< 

^< 

85. 


go 

Oc« 

^^ 
go 

His 

l=:o 

Ht< 

>a 

OJ 

^S 
eg 

^> 

cJJ 

§< 
Ou 

■  < 

2§ 


280 


Transactions  of  Am.  Soc.  of  Heat.  &  Vent.  Engineers 


1 

/ 

\ 

\ 

1 

) 

< 

> 

1 

^ 

--, 

"7 

^ 

\ 

^ 

y 

< 

L 

L 

? 

~s 

1 

' 

^ 

^ 

N 

^> 

^ 

( 

/^ 

> 

■^ 

[7 

f 

y 

, 

\ 

J 

/ 

_ 

_ 

_ 

1 

_ 

_ 

_ 

_ 

_ 

_ 

^ 

__ 

_ 

^ 



_ 

_ 

_ 

_ 

_ 

_ 

— 

— 1 

-r 

■ — 

~t 

— 

— 

— 

~1 

T^ 

— 

— 

— 

— 

f 

/ 

,^ 

^ 

•^ 

> 

Li 

f 

?; 

\ 

s 

^ 

7 

fc 

k 

.^ 

*5 

N 

^\K 

1 

^ 

j=5: 

S 

^ 

-^ 

-4 

^ 

) 

^ 

^ 

> 

f:^ 

•^ 

_ 

i 

^ 

< 

^ 

— 

— 

— 

^ 

— 1 

— 

— 

— 

— 

— 

— = 

7 

] — 

— 

— 

— 

— 

— 

= 

\ 

\. 

— 



-N, 

"" 

> 

" 

,^ 

— 

■ — 

— 

S 

\ 

k 

-^ 

-^ 

^ 

^ 

i. 

K 

— . 

"C 

. 

• 

■N 

y 

/ 

r 

< 

^ 

> 

«--' 

> 

> 

^ 

=-1 

/ 

' 

f 

-^ 

~~ 

7 

1 

— 

— 

j— 

— 

— 

- 

X 

— 

— 

— 

— 

— 

=_ 

X 

— 

— 

— 

— 

— 

— 

— 

— 

' — 

—^ 

^ 

T 

— 

— 

— 

— 

— 

"" 

°~- 

^ 

— 

— 

— 

— 

r 

___ 

_- 

-— 

'' 

/ 

-^ 

/ 

^ 

t^ 

• 

/ 

^ 

> 

> 

> 

"> 

< 

/ 

y 

_ 

j_ 

\ 

h  s 


< 

J 

H 

^; 

w 

> 

> 

J 

J 

< 

u 

5  k 

wy 

Sh 

QO 

•z  « 

<  H 

,  w 

H  n 

<; 

f^.T 

l-JO 

^,<^ 

<  a 

^n 

^^ 

^^ 

mH 

u  w 

•^p 

-^  '^. 

D< 

y,    - 

K   -^ 

Hffi 

H  <-^ 

--  rt 

<: 

t- ;?! 

o 

,  o 

g^ 

<  « 

H  W 

IS  CQ 

w :?! 

^  M 

^  o 

^  ^ 

w  ^ 

'-'  m 

H  S 

<  o 

J  o 

w  « 

K 

J 

O  O- 

^  o 

i-i  hH 

^  u 

O  Vi 

ffi 

Natural  &  Mech.  Vent,  for  School  Rooms,  Legg  &  Walker 


281 


ventilated  rooms  superimposed.  In  the  center  of  the  chart  the 
respective  wet  bulb  temperatures  are  similarly  indicated.  At  the 
bottom  the  primary  sense  impression  is  likewise  recorded.  Above 
the  record  of  sense  impression,  arrows  indicate  the  direction  of  the 
wind  while  the  room  exposure  is  shown  in  Fig.  1. 


FIG.    8. 


ARRANGEMENT    OF   FRESH   AIR   INTAKE   AND    EXHAUST    OUTLETS 
ON    ROOF    OF    SCHOOL 


Two  important  relations  are  manifest  here : 

1.  The  wide  range  of  temperature,  both  dry  and  wet  bulb,  in  the 

naturally-ventilated  room  as  compared  with  the  mechanically 
ventilated  room. 

2.  The  fluctuating  comfort  curve  of  the  naturally-ventilated  room, 
changing  suddenly  from  hot  to  cold,  shows  a  definite  and  strik- 
ing relation  to  the  direction  of  the  wind,  in  contrast  to  that 
of  the  mechanically  ventilated  room. 


282  Transactions  of  Am.  Soc.  of  Heat.  &  Vent.  Engineers 

Fig.  7  shows  the  percentage  of  the  average  enroUment  by  days 
from  October  1,  1918  to  March  28,  1919.  The  upper  curve  shows 
the  percentage  of  attendance  in  the  naturally-ventilated  rooms,  the 
lower,  that  in  the  mechanically  ventilated  rooms.  The  first  four 
months  show  a  remarkable  parallelism  between  the  two  curves,  the 
influenza  low  point  near  the  end  of  October  and  other  influences 
are  clearly  reflected  in  both.  Beginning  about  February  1st,  how- 
ever, the  curve  for  the  naturally-ventilated  rooms  drops  off  abruptly 
falling  through  nearly  three  times  the  distance  of  the  attendance 
curve  of  the  mechanically  ventilated  rooms,  and  continuing  low 
throughout  the  remainder  of  the  observation  period  as  compared 
with  the  lower  curve. 

■  While  the  conclusions  which  might  be  drawn  from  this  data  seem 
to  substantiate  in  a  large  measure  the  contention  of  the  opposition 
to  the  natural  ventilation  portion  of  the  test,  yet  the  scientific  veri- 
fication indicates  to  the  writer  the  need  of  further  study. 

DISCUSSION 

J.  R.  McColl:^ — The  Board  of  Health  next  year  expects  to 
make  further  tests  of  mechanical  ventilation  in  this  school  and 
possibly  choose  some  modern  school  which  has  now  a  gravity  system 
and  compare  other  tests  with  it.  So  far  as  the  Board  of  Education 
is  concerned,  they  will  not  permit  any  tests  in  this  school  with  open 
window  ventilation. 

J.  I.  Lyle  : — Will  you  explain  why  they  will  not  allow  any 
further  experimentation  in  those  rooms  ? 

J.  R.  McCoLL : — The  protest  was  so  strong  that  the  Board  of 
Education  passed  a  resolution  asking  them  to  omit  any  more  ex- 
periments in  those  rooms. 

H.  M.  Hart: — May  I  ask  what  the  air  speed  was?  Is  there 
any  record  of  what  the  air  change  was  in  the  naturally  ventilated 
rooms?  It  would  be  interesting  if  we  could  have  another  curve 
showing  the  air  supply  on  the  first  chart.  In  the  natiu^ally  venti- 
lated room  has  the  carbon  dioxide  and  distribution  not  been  charted 
at  all? 

J.  R.  McCoi.L : — No,  it  has  not.  The  only  record  we  have  on 
that  is  the  record  of  steam  condensed  in  the  radiators. 

E.  V.  Hill: — I  think  we  have  that  data. 

J.  R.  McCoLL : — We  have  that  data  but  it  has  not  been  worked 
out  yet. 

Otto  Armspach  : — As  I  recall  it,  the  amount  of  air  supplied 
mechanically  was  30  cu.  ft.  per  seat,  in  the  mechanically  ventilated 
rooms.  The  CO,  content  was  10,  12  and  as  high  as  25  parts  per 
10,000  in  the  naturally  ventilated  rooms. 


^  In  the  ahsence  of  tlie  antliors.  tlie  paper  was  presenterl  by  J.  R.  McColI,  who  is 
consulting  engineer  to  the  Detroit  Board  of  Education  and  wlio  was  thus  in  charge  of  tlie 
mechanical  features  of  the  series  of  investigations.  Mr.  McColl  responded  to  a  number 
of  inquiries   in   the   discussion  concerning   the   details   of   the  test. 


Discussion  on  Natural  &  Mech.  Vent,  for  School  Rooms  283 

E.  V.  Hill: — Indicating  clearly  that  the  air  supply  was  much 
less  in  the  naturall}'  ventilated  rooms  than  under  ordinary  condi- 
tions, which  would  be  1,000  cu.  ft.  per  pupil. 

Perry  West: — Was  any  record  made  of  the  relative  dust  counts 
and  bacteria  content? 

Otto  Armspach  : — In  the  mechanically  ventilated  rooms  the  bac- 
teria colonies  on  a  two-minute  plate  were  8,  10  and  12,  while  in  the 
naturally  ventilated  rooms  it  ran  somewhat  higher.  I  do  not 
just  recall  those  figures,  probably  15  to  20. 

H.  M.  Hart: — That  is  bacteria? 

Otto  Armspach  :— Bacteria. 

E.  V.  Hill  : — How  about  dust  ? 

Otto  Armspach  : — The  dust  content  was  comparatively  low.  We 
got  about  6,000  particles  per  cu.  ft.,  slightly  higher  in  the  naturally 
ventilated  rooms. 

E.  V.  Hill  : — This  is  a  very  interesting  discussion.  The  only 
point  to  which  I  want  to  call  your  attention,  one  that  I  do  not 
think  was  brought  out  clearly,  is  the  attitude  of  the  pupils  and 
teachers  toward  this  test.  In  going  over  the  reports  of  the  tests 
made  in  New  York  by  Josephine  Baker,  I  was  particularly  impressed 
throughout  the  entire  series  of  tests  with  the  fact  that  there  were 
many  schools  in  these  series  where  the  mechanical  equipment  was 
evidently  very  much  below  grade  and  so,  when  the  Detroit  Board 
of  Health  decided  to  make  these  tests,  I  talked  with  Mr.  McColl 
and  Mr.  Walker  and  insisted  as  far  as  I  could  that  we  select  the 
very  best  school  in  Detroit.  They  have  some  very  good  schools  in 
Detroit,  so  our  selecting  the  best  meant  a  very  good  mechanical 
equipment.  The  Angell  School  is  one  of  the  best  mechanically 
equipped  schools  I  have  seen.  Where  pupils  and  teachers  are  ac- 
customed to  good  ventilation  natural  ventilation  is  a  different  propo- 
sition than  where  they  have  a  poor  equipment  and  then  exchange 
that  for  natural  ventilation.  So  in  the  Angell  School  we  started 
with  one  of  the  best  equipments,  and  the  pupils  and  teachers  were 
accustomed  to  it. 

When  we  went  out  there  to  decide  which  rooms  we  should  make 
natural  and  which  mechanical,  the  teachers  were  very  much  inter- 
ested and  said :  "At  last  the  Health  IDepartment  has  awakened  to 
the  fact  that  we  must  have  fresh  air."  "You  are  going  to  put  in 
window  ventilation  ?"  "Yes."  "That  is  the  best.  Will  you  assign  me 
to  an  open  window  room?  Oh,  I  hope  you  will  assign  me  to  an 
open  window  room."  That  was  the  attitude  of  the  entire  teaching 
force.  The  rooms  were  arranged,  as  Mr.  McColl  told  you,  so  that 
the  weather  conditions  would  affect  each  equally,  and  after  the 
question  was  settled  among  the  teachers,  concerning  the  occupants 
of  the  open  window  rooms,  the  tests  proceeded.  I  was  up  there  two 
days  after  the  test  had  been  discontinued  by  the  order  of  the  Health 
Department,    and   the    attitude    of    the    teachers    had    undergone   a 
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remarkable  change.  They  were  so  loud  in  their  condemnation  of 
the  window  ventilation — and  I  want  to  say  that  the  window  ventila- 
tion was  as  good  as  could  possibly  have  been  provided — that  it  was 
an  illuminating  situation  to  say  the  least.  The  stories  they  told 
were  something  remarkable.  They  were  all  sick,  the  children  all 
had  colds,  one  of  them  had  to  have  the  tonsils  removed,  and 
another  had  an  affection  of  the  ear.  They  were  sick  and  tired  of 
natural  ventilation  and  absolutely  refused  to  have  the  test  con- 
tinued. 

We  started  out  to  make  very  elaborate  and  complete  tests,  com- 
paring air  conditions  in  the  rooms  and  the  physical  and  mental 
conditions  of  the  pupils  and  teachers.  We  were  prevented  from 
doing  that,  but  we  did  get  an  illustration  of  what  the  people  who 
are  subjected  to  those  conditions  day  in  and  day  out  think  of  them 
and  while  the  test  was  a  failure  in  so  far  as  getting  all  the  data 
is  concerned,  it  was  very  valuable  as  illustrating  this  fact. 

The  President  : — It  would  seem  that  scientific  methods  have 
been  adopted  for  the  analysis  of  this  controversy  and  there  can 
be  no  more  thorough  method  of  dissipating  an  erroneous  idea  than 
that  which  has  been  adopted  by  these  gentlemen  and  the  Board  of 
Health  of  Detroit. 

Frank  K.  Chew  : — This  morning  when  Prof.  Barnes  addressed 
us,  he  spoke  about  the  professor  and  the  practical  man  getting 
closer  together.  What  has  been  done  here  as  shown  in  this  chart 
and  what  Dr.  Baker  has  done,  in  both  instances  were  conscientious 
efforts  and  the  conclusions  were  conscientious,  but  in  New  York 
City,  at  the  present  time,  an  answer  has  not  been  given  that  will 
prevent  a  recurrence  of  just  such  an  assertion  as  was  made  by 
Dr.  Baker.  Therefore  Dr.  Baker  and  the  public  need  information. 
There  are  many  people  who  will  yet  believe  that  open  window 
ventilation  in  some  form  is  the  best  thing.  Dr.  Hill  has  said  they 
chose  a  good  school.  What  the  New  York  doctor  chose  I  don't 
know.  I  doubt  that  much  attention  was  paid  to  the  equipment  or 
the  operation  of  it. 

There  is  a  need  for  the  engineer  to  get  his  information  to  the 
people  where  it  will  be  effectively  instructive  to  aid  in  forming 
intelligent  opinions.  I  think  that  is  possibly  the  solution.  It  is 
the  function  or  duty  of  this  Society  to  present  its  side  of  the  case 
before  the  public  better  than  heretofore. 

H.  M.  Hart: — The  system  of  grading  engineers  in  charge  of 
school  buildings  is  on  the  cost  of  operation  of  the  plant  to  a  great 
extent,  and  I  believe  it  is  a  mistake,  because  there  is  a  great  incentive 
for  the  engineer  to  save  coal  under  those  conditions.  The  result 
is  that  he  does  not  operate  the  mechanical  ventilating  system  when 
it  should  be  operated  and  as  it  should  be  operated.  I  believe  that 
this  society  should  go  on  record  as  being  opposed  to  that  system  of 
grading  engineers,  that  we  should  suggest  a  new  method  of  grad- 
ing engineers  and  let  that  be  on  the  results  obtained  along  the  line 
of  attendance  in  the  school.  I  believe  that  that  would  be  a  con- 
structive move. 
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James  H.  Davis: — I  am  heartily  in  favor  of  Mr.  Chew's  re- 
marks. Recently  I  was  in  Oklahoma  City  and  had  occasion  to  visit 
the  big  architects  there  who  do  a  large  amount  of  school  work 
and  specify  the  most  approved  methods.  I  found  that  they  were 
very  seriously  considering  open  window  ventilation  at  the  sug- 
gestion of  the  Board  of  Education.  I  was  able  to  give  them  some 
information  on  what  is  being  done  in  Detroit  and  they  were  very 
grateful  for  it.  The  first  thing  they  said  was :  "Where  can  we  get 
that  proceeding?  Where  can  we  find  out  about  that?"  And  of  course 
the  only  thing  I  could  do  was  to  refer  them  to  Dr.  Hill  and  Mr. 
McColl. 

The  President: — It  will  be  in  our  proceedings.  I  would  suggest 
that  a  resume  of  this  paper  in  short,  pithy  sentences  be  prepared. 
Sometimes  those  who  are  interested,  especially  Boards  of  Educa- 
tion, are  influenced  more  by  those  short,  pithy  sentences,  those  con- 
clusions, than  they  are  by  the  entire  paper.  They  will  not  read 
with  sufficient  diligence  to  extract  that  which  may  very  easily  be 
put  into  just  a  few  words  and  those  few  words  then  become  the 
message. 

It  is  a  most  excellent  suggestion,  that  the  grading  and  the  rating 
of  those  in  charge  of  the  ventilating  systems  shall  be  put,  not 
upon  the  cost  of  operation  but  upon  some  other  factor,  for  instance, 
the  attendance  at  the  school,  if  that  be  a  proper  measure  of  their 
efficiency. 

E.  \'.  Hill  : — Something  very  interesting  in  this  chart  is  the  wet 
bulb  temperature,  which  is  shown  as  a  solid  line  in  the  naturally 
ventilated  rooms  and  as  a  dotted  line  in  those  mechanically  venti- 
lated. You  have  heard  me  say  many  tim^s,  and  I  believe  I  have 
convinced  Professor  McColl,  and  possibly  one  or  two  others,  that 
the  Avet  bulb  temperature  is  the  determining  factor  in  comfort.  I 
have  been  looking  at  the  wet  bulb  curves  in  these  charts.  You 
will  observe  in  the  naturally  ventilated  rooms,  after  the  thermostats 
were  placed  in  good  condition,  that  there  was  obtained  a  fairly 
constant  wet  bulb,  56  or  57  deg. 

Am  I  correct,  Prof.  INIcColl,  in  assuming  that  when  the  wet  bulb 
temperature  became  uniform  there  was  a  correspondingly  uniform 
attendance  ? 

J.  R.  McColl:— Yes. 

E.  V.  Hill  : — And  when  the  wet  bulb  temperature  is  running  away 
up,  as  it  is  here  in  the  naturally  ventilated  rooms,  you  began  to  get 
this  curve  of  attendance  (indicating  a  drop  in  attendance)  ? 

J.  R.  McColl  : — That  is  true. 

E.  V.  Hill: — I  am  convinced  that  if  the  engineer  is  graded  in 
accordance  with  the  wet  bulb  temperature  he  maintains,  the  at- 
tendance will  be  satisfactory. 

H.  M.  Hart  : — I  would  like  to  make  a  motion  that  a  committee 
be  appointed  to  present  a  suggestion  for  a  proper  method  of  grad- 
ing engineers  in  charge  of  school  buildings. 
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The  President: — Does  any  one  second  that  motion? 
(The  motion  was  seconded.) 

The  President  : — It  has  been  moved  and  seconded  that  a  com- 
mittee be  appointed  for  the  purpose  of  making  suggestions  as  to 
the  grading  of  engineers  in  schools.    It  is  open  for  discussion. 

J.  R.  McCoLL : — In  that  connection  there  ought  to  be  some  stand- 
ard suggested  as  to  what  constitutes  100  per  cent,  attendance.  The 
Board  of  Education  had  a  pecuhar  method  of  rating  their  at- 
tendance. If  a  pupil  was  absent  from  school  two  days  he  was 
dropped  from  the  roll.  If  there  are  forty  pupils  in  a  room  and 
two  of  them  are  absent  two  days  the  roll  then  becomes  thirty-eight 
instead  of  forty.  Taking  that  as  a  basis,  the  naturally  ventilated 
rooms  would  have  shown  a  better  attendance  than  the  others  be- 
cause the  number  of  absent  pupils  in  the  naturally  ventilated  rooms 
was  smaller  by  three  or  four  days.  So  Mr.  Walker  established 
a  basis  of  his  own  in  which  he  took  the  average  attendance  of  the 
whole  year  for  the  basis  of  his  classroom  roll.  Now  he  admitted 
last  night  that  for  accuracy  it  should  be  based  on  the  number 
of  pupils  that  should  go  to  school  any  particular  day,  but  that 
involves  a  great  deal  of  investigation  to  see  what  the  conditions 
are  around  town  and  what  may  have  been  the  causes  for  non- 
attendance.  It  would  be  a  very  complex  proposition  to  establish 
what  would  be  the  legitimate  roll  call  that  way.  I  presume  Mr. 
Walker's  standard  is  the  proper  basis  of  attendance. 

H.  M.  Hart: — I  did  not  establish  a  basis  for  working  that  out; 
I  merely  asked  the  committee  to  make  a  recommendation.  It  may 
not  prove  to  be  on  the  attendance  basis  at  all.  It  may  be  on  a  uni- 
form wet  bulb  temperature. 

W.  N.  Dam  BACH  :^ — Here  in  Pittsburgh  the  Board  of  Education 
rates  the  janitors  or  engineers,  as  the  case  may  be,  upon  the  number 
of  rooms  in  the  building;  that  is,  the  number  of  classrooms. 

E.  V.  Hill: — You  mean  they  pay  them  on  that  basis? 

W.  N.  Dambacii  : — Yes. 

J.  R.  McColl: — How  about  licensing? 

W.  N.  Dambach  : — Well,  it  is  also  based  on  the  type  of  plant. 
For  instance,  in  a  mechanical  plant  we  require  the  operator  to  be 
a  licensed  engineer.     That  is  one  of  the  requirements. 

J.  R.  McCoLL : — That  is  true  of  Detroit  and  true  of  most  cities. 

James  H.  Davis: — In  some  sections  the  highest  point  of  rating 
is  the  cost  of  repairs  in  the  school  in  which  the  engineer  is  in  charge. 
Inasmuch  as  we  have  in  our  membership  three  or  four  chief  en- 
gineers of  schools  in  the  large  cities,  we  should  be  able  to  get  a 
pretty  good  idea  of  what  constitutes  right  practice  from  them. 

1  1326   Fulton  Bldg.,   Pittsburgh,   Pa. 
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James  A.  Donnelly: — I  have  found  in  buildings  well  equipped 
with  ventilation  that  the  increased  cost  of  ventilating  a  building 
acts  as  a  sort  of  incentive  or  inducement  to  the  operating  man  to 
poorly  ventilate  the  building.  In  a  number  of  hospitals  that  I  have 
been  interested  in  lately,  I  found  that  the  salaries  of  the  operating 
engineers  and  their  standing  in  the  institution  had  been  considerably 
enhanced  in  the  minds  of  those  who  paid  the  bills  because  they 
had  materially  reduced  the  expenditure  for  coal. 

Now  perhaps  one  thing  which  the  engineering  society  might  do, 
is  to  give  some  facts  and  figures  as  to  the  inherently  greater  cost 
of  coal  provided  you  buy  fresh  air.  You  can  purchase  stale  air  and 
apparently  save  money,  but  you  lose  fresh  air;  you  lose  the  cleanli- 
ness. The  engineer  of  one  of  the  largest  hospitals  in  New  York  said 
he  was  confronted  with  that  attitude  by  his  directors  in  making  up 
the  annual  budget.  I  suggested  that  he  might  take  the  cubic  content 
of  his  wards  and  the  necessity  for  ventilation  and  endeavor  to 
get  at  a  proper  basis  of  the  cost  of  ventilation  per  hundred  millions 
of  cubic  feet  or  some  other  convenient  unit,  so  that  he  might  say 
in  making  up  the  annual  budget,  'Tf  it  is  your  wish  we  will  buy 
so  many  hundred  millions  of  cubic  feet  of  ventilation  in  the  open 
market  and  it  will  cost  so  much.  If  you  do  not  want  this  ventila- 
tion you  can  save  coal  and  your  annual  appropriation  will  be  so 
much  less." 

Now  among  all  the  textbooks  on  heating  and  ventilation,  I  know 
of  none  which  give  the  direct  comparisons  between  the  amount 
of  coal  absolutely  necessary  in  heating  a  building  with  direct  radia- 
tion, in  heating  it  with  a  combined  direct  radiation  and  venti- 
lation system,  or  in  running  an  apparatus  which  both  heats  and  ven- 
tilates with  fresh  air.  In  other  words,  ventilation  considered  from 
that  point  of  view  is  not  a  mechanical  question,  it  is  a  commercial 
question.  The  public,  the  readers  of  the  daily  press  and  the  lay- 
men and  boards  of  control  in  hospitals  and  schools,  have  never  had 
laid  before  them  that  view  of  the  situation,  and  it  might  be  one 
worth  considering.  It  seemed  to  me  very  deplorable  that  those 
operating  engineers  should  be  so  well  pleased  with  themselves  and 
so  well  able  to  satisfy  their  employers  by  saving  coal  through  cutting 
out  ventilation,  with  the  attendant  loss  of  cleanliness  and  fresh 
air.  I  do  not  think  they  realized  what  they  were  doing.  I  do  not 
think  these  men  shout  for  open  window  ventilation  or  shut  down 
the  fan  through  ill-will.  They  do  it  from  a  different  point  of  view 
and  if  our  point  of  view  is  not  before  them  let  us  blame  ourselves. 

John  R.  Allen  : — An  inspection  of  many  well  installed  ven- 
tilating systems  will  show,  that  in  many  instances  these  plants  are 
either  operated  at  one-half  speed  or  not  at  all,  in  order  to  save 
coal. 

I  have  recently  been  connected  with  an  institution  that  has  in- 
stalled an  excellent  fan  system  for  ventilation.  This  system  has  air 
washers  and  all  the  latest  devices  but  the  fan  plants  are  never 
operated  on  account  of  the  expense. 
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In  the  State  of  Minnesota  they  have  an  excellent  law  in  regard 
to  ventilation,  requiring  all  schools  to  be  provided  with  a  very 
adequate  Ventilating  plant  but  the  law  does  not  require  that  the 
plants  shall  be  operated,  and  they  are  not  operated.  I  think  there 
is  a  great  deal  of  missionary  work  to  be  done  along  these  lines. 

W.  B.  Clarkson  : — The  whole  problem  lies  with  the  question  of 
education;  our  education,  and  then  the  education  of  the  people. 
In  a  barn  the  thing  that  a  farmer  sees  is  his  wet  walls.  If  the 
inside  surface  of  his  barn  room  is  dry  he  thinks  it  is  well  ventilated. 
And  I  suspect  that  in  the  schoolhouse,  the  thing  seen  or  felt  is  the 
thing  that  must  be  corrected  in  order  to  satisfy  at  the  present  time, 
although  it  may  not  be  the  important  thing  to  correct  at  all.  It  may 
be  something  entirely  different.  It  may  perhaps  be  Dr.  Hill's 
relative  humidity  proposition ;  it  may  be  something  else,  but  we  mu.st 
arrive  at  the  facts,  whatever  they  are,  and  then  we  must  educate 
the  people  regarding  those  facts. 

The  President: — Gentlemen,  we  have  a  motion  before  us 
which  has  been  thoroughly  discussed.  If  there  is  no  further  dis- 
cussion I  will  put  the  motion.  All  those  in  favor  say  aye ;  contrary 
minded,  no.     It  is  carried. 


No.  526 

FURTHER  STUDIES   IN   METHODS   OF  DUST 
DETERMINATION 

By  Dr.  E.  V.  Hill,  Chicago,  III.  (Member) 

and 
Otto  W.  Armspach,  Chicago,  III.  (Member) 

IN  a  paper  on  Quantitative  Determination  of  Air  Diist\  by  Dr. 
Hill,  the  desirability  of  making  fairly  accurate  dust  determinations 
in  ventilation  work  was  pointed  out  and  also  the  difficulties  en- 
countered in  the  accomplishment  of  this  end.  Various  instruments 
and  devices  with  which  experiments  were  made  were  also  described 
and  considerable  space  was  given  to  the  dust  counter  designed  by 
Dr.  Hill  which  is  in  use  by  the  Chicago  Health  Department  and  the 
Chicago  Commission  on  Ventilation  at  the  present  time. 

During  the  past  few  years  a  broader  recognition  has  been  given 
to  the  subject  of  air  dust.  Its  growing  importance  is  evidenced  by 
the  studies  now  going  on  from  numerous  sources.  We  are  begin- 
ning to  realize  that  dust  is  something  more  than  a  nuisance.  Its 
effects  on  workmen  in  dusty  trades,  in  coaT  mining  operations  and 
other  occupations,  from  the  standpoint  of  both  health  and  safety, 
and  its  influence  on  air  conditions  in  the  school  room  and  even  in 
the  home,  are  becoming  better  realized,  and  intensive  work  in  the 
study  of  this  subject  is  now  in  progress.  Furthermore,  the  impor- 
tance of  air  dust  in  many  commercial  enterprises,  such  as  the  manu- 
facture of  moving  pictufe  films,  photographic  processes  and  other 
industries,  makes  it  imperative  that  a  reliable  method  of  dust  de- 
termination be  adopted  in  order  that  the  efficiency  of  dust  removing 
apparatus  may  be  accurately  determined  and  necessary  progress 
and  improvements  made. 

Work  in  the  near  future  will  doubtless  result  in  the  adoption  of 
certain  maximum  standards  of  air  dustiness  for  these  trades  and 
occupations  and  for  certain  of  the  industries  mentioned.  In  order 
to  facilitate  this  work  it  is  of  the  greatest  importance  that  a  stand- 
ard method  be  selected  which  is  generally  applicable,  that  is  not 
unnecessarily  complicated  or  difficult,  and  that  will  form  a  satis- 
factory means  of  making  tests  that  are  consistent  and  comparable. 
If  the  work  proceeds  as  at  present,  by  several  different  methods, 

*  See  Heatingr  and  Ventilating  Magazine,  June,  1917,  page  23.  For  previous  Studies 
in  Dust  by  Dr.  Hill,  see  Transactions  of  the  A.  S.  H.  V.  E.,  Vol.  19  (1913),  p.  412, 
and    Vol.    20    (1914),    p.    57. 

Paper  presented  at  the  Semi-Annual  Meeting  of  The  American  Society  of  Heating 
AND   Ventilating   Engineers,    Pittsburgh,   Pa.,   June,    1919. 
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we  will  have  results  that  show  a  wide  variation  and  marked  dis- 
crepancies even  where  conditions  as  to  air  dustiness  are  identical. 
This  will  result  in  a  mass  of  observations  and  data  that  will  be 
apparently  conflicting  and  that  cannot  be  compared,  and  for  this 
reason  it  will  be,  to  a  great  extent,  valueless.  It  is  extremely  im- 
portant, therefore,  that  a  standard  method  be  adopted  for  this 
work  or,  if  this  cannot  be  done,  the  different  methods  in  use  should 
be  compared  and  standardized  so  that  the  data  collected  from  all 
sources  will  be  of  value. 

The  continuation  of  experimental  work  in  the  division  of  ven- 
tilation of  the  Chicago  Health  Department  since  our  last  reports 
were  made,  has  served  to  emphasize  certain  points  bearing  on  the 
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principles  of  dust  determination  and  on  the  accuracy  and  useful- 
ness of  the  results.  We  will  discuss  these  points  in  the  following 
pages  without  attempting  to  cover  the  general  field  of  air  dust 
determination.  In  approaching  the  subject  it  is  best  classified, 
first,  with  regard  to  collecting  the  dust,  and,  second,  measuring  the 
quantity  of  dust  in  the  sample : 


COLLECTING  THE  SAMPLE 

We  will  pass  by  the  large  number  of  methods  employed  by  dif- 
ferent observers  in  collecting  dust  samples.  These  include  sugar 
and  resorcin  filters,  cotton  filters  and  the  like,  the  precipitation 
method  of  Aitken,  visual  observations,  color  comparisons,  etc.  These 
are  all  cumbersome  and  difficult  or  inaccurate,  and  of  very  little 
value  except  in  the  hands  of  highly  trained  specialists  and  even  then 
the  results  may  be  inconsistent  and  unreliable.  The  two  methods 
which  we  wish  to  discuss  in  the  present  article  are : 
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a.  Collecting  the  sample  by  bubbling  a  measured  quantity  of  the 
air  through  water,  or  passing  it  through  a  water  spray; 

b.  By  catching  and  retaining  it  on  an  adhesive  surface. 

a.  Collecting  Under  Water:  Some  of  the  first  experiments  in 
testing  air  washers,  conducted  by  Dr.  Hill  and  reported  to  this 
Society  in  1913,  were  made  by  the  wash  bottle  method.  Drechsel 
wash  bottles  were  placed  at  the  entrance  and  outlet  of  the  washer 
and  the  dust  samples  collected  in  this  manner.  It  was  during  this 
experimental  work  that  we  became  convinced  that  all  of  the  dust 
was  not  retained  in  the  wash  bottles ;  that  a  variable  amount 
escaped,  depending  upon  the  rate  of  air  flow  through  the  bottles, 
the  size  of  the  bubbles  and  the  character  of  the  dust.  To  verify 
this  suspicion  the  following  test  was  recently  made. 


FIG.  2.      ARRANGEMENT    OF   THREE   DRECHSEL    WASH-BOTTLES    FOR 
SAMPLING    DUST   IN    AIR. 


Three  Drechsel  wash  bottles  were  connected  in  series  and  an 
air  sample  drawn  through  them  successively  by  means  of  a  small 
high-pressure  centrifugal  fan.  The  air  in  the  room  was  rather 
heavily  charged  with  artificial  dust,  ordinary  floor  sweepings  and 
sand  being  used  in  this  experiment.  After  drawing  360  cu.  ft.  of 
air  through  the  apparatus  the  amount  of  water  in  each  bottle  was 
made  up  to  200  c.  c.  by  the  addition  of  clean  distilled  water  and 
counts  of  the  particles  made  by  means  of  a  Sedgwick-Rafter  count- 
ing cell.     The  results  were  as  indicated  in  Table  1. 

In  bottle  No.  1  the  average  count  per  field  of  one  square  milli- 
meter was  114;  in  bottle  No.  2  the  count  was  60,  and  bottle  No.  3, 
38.  Neglecting  the  dust  that  escaped  from  the  third  bottle,  we  see 
that  the  first  bottle  removed  only  53.8  per  cent,  of  the  total  num- 
ber of  dust  particles  and  the  second  bottle  61.2  per  cent.  The 
percentage  removed  by  the  third  bottle  is,  of  course,  impossible 
to  determine. 
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These  samples  were,  again  shaken,  generally  for  one  minute,  and 
another  count  made.  The  average  for  the  first  bottle  in  this  count 
was  151,  the  second  56  and  the  third  33.  The  bottles  were  again 
shaken  and  a  third  count  made,  giving  in  the  first  bottle  an  aver- 
age of  176,  in  bottle  No.  2,  59,  and  in  bottle  No.  3,  33,  showing 
a  good  check  on  all  ^counts  in  bottles  No.  2  and  No.  3,  but  a  con- 
stant increase  in  bottle  No.  1.  :         .     .' 

TABLE  1.    RESULTS  OFDRECHSEL  WASH  BOTTLES  TEST 
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Bottle  No.  1 

Bottle  No. 
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The  point  we  wish  to  make  in  this  connection  is,  that  bubbling  the 
air  through  a  1  in.  water  seal  does  not  remove  all  of  the  fine  dust 
particles.  The  increase  in  the  successive  counts  in  bottle  No.  1 
will  be  referred  to  later. 

At  this  point  it  may  be  of  interest  to  consider  briefly  some  of 
the  fundamental  principles  in  removing  dust  from  the  air.  The 
commonly  accepted  belief  is  that  the  most  efficient  method  is  by 
bubbling  the  air  through  water  or  passing  it  through  a  water  spray. 
The  design  of  commercial  air  washers  in  use  at  the  present  time  is 
based  largely  on  this  principle.  Considerable  ingenuity  has  been 
exhibited  in  the  various  spray  or  mist  nozzles  used,  in  an  en- 
deavor to  fill   the   spray   chaml^er  with  an  exceptionally  fine  mist 
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or  to  create  a  thin  wall  of  water  by  the  flat  spray,  believing  that 
the  ef^ciency  of  the  machine  depends  largely  upon  these  features. 

As  a  matter  of  fact,  the  spray  chamber  in.  an  air  washer  is 
very  inefficient  as  a  dust  removing  device.  In  conducting  experi- 
ments last  year  with  a  specially-designed  washer  furnished  through 
the  courtesy  of  the  Braemer  Air  Conditioning  Corporation,  we 
observed  that  the  dust  removed  with  both  spray  banks  shut  oft", 
but  with  the  flooding  nozzles  in  operation,  was  almost  as  com- 
plete as  with  both  sprays  in  operation.  This  induced  the  writers 
to  conduct  some  experiments  with  the  view  of  determining,  if 
possible,  the  relative  efficiency  of  the  eliminator  plates  as  com- 
pared with  the  sprays.  These  experiments  were  conducted  as  fol- 
lows : 

First,  careful  counts  were  made  with  the  Dr.  Hill  dust  counter 
at  the  inlet  and  outlet  of  the  washer  with  both  spray  banks  and 
flooding  nozzles  in  operation.  The  test  was  made  with  a  medium 
amount  of  garbage  dust.  (We  have  been  using  garbage  dust  in 
these  experiments   as   it   is  easily  procured,   is  very   consistent   in 
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quality  and  contains  an  extremely  numerous  and  varied  amount 
of  materials.  The  product  is  dry,  ground  garbage  as  it  comes  from 
the  reduction  plant.  It  is  of  a  dark  brown  color,  of  a  rather 
pleasing  odor,  somewhat  resembling  coffee.  It  is  reground  in  our 
laboratory  through  a  Quaker-City  mill,  reducing  it  to  a  fine  dust 
that  passes  through  a  100  mesh  sieve.)  The  efficiency  of  the 
washer  under  these  conditions,  from  several  tests,  was  90  per  cent. 
The  next  test  was  conducted  under  the  same  conditions  except 
that  both  spray  banks  were  shut  off,  the  washer  now  operating 
simply  with  the  flooding  nozzles  which  served  to  flush  the  elimina- 
tors. Under  these  conditions  the  efficiency  in  dust  removal  was 
88.2  per  cent.  It  is  self  evident  that  the  total  efficiency  of  the 
washer  is  not  the  sum  of  the  efficiency  of  the  eliminator  plates 
plus  the  sprays,  but  that  it  is"  the  sum  of  the  two  efficiencies  minus 
their  product.     This  is  shown  by  the  following  calculations : 

Let     A  :=  the  number  of  particles  entering  the  washer, 
B  =  the  number  of  particles  leaving  the  washer, 
X  =  percentage  removed  by  spray, 
Y  =z  percentage  removed  by  plates, 
T  =  total  efficiency. 
Then     XA  =  number  of  particles  removed  by  spray, 

(A  —  X^)xFr=:the  number  removed  by  plates, 

A  —  XA  —  {A  — .X^)xF  =  B (1) 

Transposing  .  . .  .A—B —  XA  ^  AY  —  XAY    (3) 

A—B      XA-\-AY  —  XAY 

Dividing  by /4..  . = (3) 

A  A 

A  —  B 

Cancehng  A  ...  . =  X  ~\-Y  —  XY   (4) 

A 

Total  efficiency  (T)  =X  ^Y  —  XY   (5) 

Therefore  the  total  efficiency  equals  the  sum  of  the  efficiency  of 
the  plates  and  the  spray  minus  the  product  of  the  efficiency  of  the 
plates  and  the  spray. 

In  the  present  instance  to  find  the  efficiency  of  the  sprays  from 
these  tests  the  formula  is  transposed  as  follows : 
T—Y 

X= 

1  —  Y 

Substituting  in  the  tests  referred  to  the  values  of  T  and  Y  we 
have  0.90  —  0.882 

X= 

1.0  —  0.882 
X  =  15.2  per  cent. 
Or,  in  other  words,  of  the  total  number  of  dust  particles  entering 
the  washer,  15.2  per  cent,  is  removed  by  the  sprays  and  of  what 
remains  88  per  cent,  is  removed  by  the  eliminators. 

Further  experiments  have  indicated  that  the  efficiency  of  the 
eliminator  plates   depends  largely  upon   their  design,  and  we  feel 
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that  the  theory  can  be  quite  safely  advanced  that  dust  is  removed 
from  the  air  by  causing  it  to  impinge  against  a  zcetted  surface, 
and  the  nearer  the  angle  of  impingement  approaches  a  right  angle 
the  greater  zuill  be  the  percentage  removed. 

In  this  instance  the  reader  should  bear  in  mind  that  we  are  dis- 
cussing the  removal  of  dust  from  air  by  counting  the  particles  and 
not  on  the  basis  of  weighing,  and  while  it  is  probable  that  there  is 
a  close  relationship  between  the  two,  we  are  not  yet  ready  to  make 
a  statement  as  to  this  relationship.  All  of  our  tests  on  the  efficiency 
of  air  washers  and  other  experimental  work  tends  to  prove  that 
bubbling  air  through  water  or  passing  it  through  a  spray  is  not  the 
most  efficient  method  of  dust  removal. 
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h.  Dust  Collecting  on  Adhesive  Surface:  In  the  previous  pages 
we  advanced  the  theory  that  in  commercial  air  washers,  dust  is 
most  efficiently  removed  by  causing  air  currents  to  impinge  against 
a  wetted  surface  and  the  nearer  the  angle  of  impingement  ap- 
proaches a  right  angle  the  more  efficient  will  be  the  device.  This 
theory  is  the  basis  for  the  design  of  the  Dr.  Hill  dust  counter, 
except  that  the  wetted  surface  of  the  air  washer  is  replaced  by  the 
cover  glass  coated  with  adhesive  material  in  the  dust  counter.  In 
the  air  washer  the  dust  that  is  caught  by  the  wet  plate  is  washed 
down  into  the  tank.  In  the  dust  counter  we  wish  to  retain  the 
particles,  consequently  an  adhesive  material  must  be  used.  The 
adhesive  must  be  of  such  a  nature  that  it  will  not  readily  evaporate 
or  form  a  surface  film  when  played  upon  by  a  continuous  current 
of  air.  It  must  also  be  of  proper  consistency  so  that  it  will  not  be 
unduly  disturbed  from  its  original  position  on  the  cover  glass. 

In  the  original  experiments  conducted  with  this  device  it  was 
soon  learned  that  all  of  the  dust  particles  were  not  caught  by  the 
adhesive, — that  many  necessarily  escaped.    The  problem  was  to  de- 
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termine  the  percentage  retained.  To  accomplish  this,  the  cap- 
sules containing  the  adhesive  plate  were  made  with  male  and  fe- 
male connections  so  that  one  could  be  superimposed  upon  the 
other  and  the  air  drawn  through  any  number  of  capsules  desired  in 
series.  In  this  way  all  the  dust  that  escaped  after  being  thrown 
against  the  first  adhesive  surface  was  again  thrown  against  the 
second  and  the  third  and  so  on  until  the  last  capsule  shows  no  dust 
particles.  In  this  way  we  were  enabled  to  determine  the  percentage 
of  the  total  amount  of  dust  caught  in  the  first  capsule  and  calibrated 
the  device  with  considerable  accuracy.  In  the  original  experiments, 
we  added  capsule  to  capsule  until  six  were  superimposed  and  even 
under  conditions  of  extreme  air  dustiness,  practically  no  dust  was 
found  in  the  last  capsule.  Theoretically  there  should  be  some  par- 
ticles on  the  last  adhesive  plate  if  our  assumption  is  correct,  namely, 
that  each  capsule  removes  a  constant  percentage  of  the  dust  in  the 
air  that  strikes  it.  This  is  not,  strictly  speaking,  an  assumption, 
as  in  all  calibration  tests  made  we  have  been  unable  to  determine 
any  marked  or  consistent  variation  in  the  percentage  of  dust  re- 
moved in  the  various  capsules.  As  it  is  a  somewhat  long,  tedious 
process  to  calibrate  by  using  the  six  capsules,  the  writer  after 
making  a  considerable  number  of  tests  has  adopted  the  following 
formula  for  calibration,  using  only  two  capsules.  The  derivation 
of  the  formula  is  as  follows : 

Let      A^  =  number  of  particles  entering  first  capsule, 
p  =z  percentage  caught  by  cover  slip, 
A  ^=  count  on  first  cover  slip. 
B  =:  count  on  second  cover  slip. 

Then  A'  X  /»  ^  number  counted  on  first  cover  slip (1 ) 

X  y(  p  =  A  ..^ _ (2) 

X  —  A  =  particles  entering  second  capsule (3) 

(X  —  A)  X  /'  =  number  counted  on  second  cover  slip.  .  .  (4) 
(X  —  A)XP  =  B    (5) 

Dividing  (2)  by  (5)  to  eliminate  /> : — 

XXP  A 

=  -   ■ (6) 

(X-A)XP  B 

X  A 

=  - (7) 

{X  —  A)      B 

Solving  this  equation  for  X : — 
A' 

X  = (8) 

A  —  B 
A 

p  =  —    (from  equation   (2) 

X 

The  number  of  particles  entering  first  capsule  is  to  the  number 
entering  second  capsule  as  the  count  on  first  cover  slip  is  to  count 
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on  second  cover  slip.     The  formula  is  applicable  for  any  number 
of  strokes  of  the  pump. 

If  the  observer  wishes  to  make  exact  determinations  he  can  use 
the  six  superimposed  capsules,  in  which  case  the  instrument  will 
remove  99.9935  per  cent.  For  ordinary  routine  work,  however,  he 
can  use  the  correction  factor  of  81  per  cent,  as  the  amount  removed 
when  using  only  one  capsule.  There  are  no  other  corrections  and 
no  mathematical  computations  except  to  determine  the  particles 
and  to  convert  the  amount  of  air  handled  by  the  pump  to  a  cubic 
foot  basis.  Counts  can  be  made  of  the  specimen  with  a  small 
amount  of  experience  in  microscopic  work  and  ordinarily  careful 
observers  will  not  vary  in  the  count  more  than  1  per  cent. 


FIG.  5.     CALIBRATING   THE   HILL   DUST  COUNTER. 


MEASURING   THE  SAMPLE 

After  an  air  sample  is  taken  by  bubbling  it  through  water  the 
next  step  is  to  determine  the  amount  of  dust  contained  therein. 
This  is  done  either  by  evaporating  and  weighing  the  residue,  or  by 
counting  the  particles  in  a  Sedgwick  cell.  In  the  adhesive  surface 
method  the  specimen  is  placed  on  the  stage  of  the  microscope  and 
the  count  made  directly.  We  will  discuss,  first,  the  determination 
of  dust  in  the  sample  collected  under  water : 

Weighing :  In  making  determinations  by  weight,  a  large  air 
sample  must  be  collected.  This  is  necessary  in  order  to  get  a  suf- 
ficient amount  of  dust  for  accurate  determination.  Where  the  air 
is  relatively  free  from  dust  many  hundreds  of  cubic  feet  must  be 
passed  through  the  apparatus  in  order  to  get  a  sufiicient  sample 
for  accurate  weighing.  This  necessitates  considerable  apparatus, 
an  accurate  means  of  air  measurements,  and  laboratory  facilities 
for  evaporating  or  drying  the  sample  and  for  weighing  the  same 
when  secured.     The  results  are  not  as  valuable  as  in  the  counting 
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method,  owing  to  the  fact  that  the  wide  variation  in  the  weights  of 
different  kinds  of  dust  renders  these  results  of  little  value.  It  is 
evident  that  in  still  air  all  dust  will  eventually  settle  out.  The 
weight  of  the  particles  that  remain  suspended,  therefore,  depends 
upon  the  amount  of  air  motion,  currents  from  differences  in  tem- 
perature, etc.  It  can  be  seen  that  the  heavier  the  material,  the 
smaller  will,  of  necessity,  be  the  particles  that  remain  in  the  air. 

Furthermore,  in  collecting  samples  for  weighing,  especially  if 
collected  under  water,  a  microscopic  study  of  the  individual  par- 
ticles is  impossible  and  much  valuable  information  that  should  be 
gained  from  this  operation  is  lost.  The  weight  of  dust  is  no  criterion 
of  its  irritating  effects,  or  of  its  infectious  nature.  Determination 
by  weight  is  difficult,  tedious  and  cumbersome  and  it  can  be  safely 
concluded  that,,  except  in  special  cases,  it  is  of  little  value. 

Counting  with  the  Sedgzcick-Rafter  cell:  In  determining  the 
dust  content  of  a  sample  collected  under  water  by  the  counting 
method,  the  Sedgwick-Rafter  cell  is  universally  employed.  For  the 
benefit  of  the  uninitiated,  I  will  say  briefly  that  the  cell  consists  of 
a  rectangular  frame  of  brass  mounted  on  a  standard  glass  slide 
for  microscopic  work.  The  interior  of  the  cell  measures  20x50 
mm.  and  is  1  mm.  in  depth,  so  that  the  cubical  content  of  the  cell 
is  1  cu.  cm.  A  thin  glass  slide  is  provided  with  the  instrument 
and  when  the  latter  is  filled  with  water,  this  slide  is  carefully 
adjusted  over  the  same  so  as  to  exclude  air  bubbles  and  insure 
that  the  sample  is  exactly  1  cu.  cm. 

After  the  sample  is  collected  under  water  the  contents  of  the 
machine  are  withdrawn  and  the  total  quantity  of  the  water  made 
up  to  a  certain  amount,  usually  50  cu.  cm.  The  water  is  shaken 
to  insure  the  even  distribution  of  the  dust  particles  throughout  the 
liquid.  A  small  amount  is  then  withdrawn  with  a  clean  pipette 
and  placed  in  the  counting  cell.  In  making  the  count,  the  ruled 
ocular  of  the  microscope  is  usually  adjusted  to  1  sq.  mm.,  so  that 
the  average  count  for  a  certain  number  of  fields  will  be  the  amount 
in  1  cu.  mm.  of  the  sample.  This  is  then  multiplied  by  1000,  which 
gives  us  the  total  dust  in  1  cu.  cm.,  or  the  total  contents  of  the  cell, 
and  then  again  by  50  for  the  entire  content  of  the  specimen. 

We  see  from  the  foregoing  that  there  are  several  steps  in  the 
mathematical  calculations  necessary  for  arriving  at  the  dust  con- 
tent of  the  liquid  in  the  sample.  The  count  in  one  field  is  multiplied 
by  50,000  to  arrive  at  the  number  of  particles  in  the  gross  sample. 
An  error,  therefore,  of  one  dust  particle  in  a  field  gives  an  error 
of  50,000  in  the  sample.  This  constant  source  of  error  in  the  use 
of  the  Sedgwick-Rafter  counting  cell  has  been  thoroughly  dis- 
cussed by  Mr.  Geo.  T.  Palmer  in  his  paper  on  Methods  for  De- 
termining Air  Dustiness,  which  was  read  before  The  American 
Public  Health  Association,  October  24th  to  27th,  1916,  and  while 
this  objection  to  the  use  of  the  counting  cell  is  serious,  it  is  much 
less  so  than  an  error  from  another  source. 

In  describing  the  test  made  by  the  bubbling  of  air  through  three 
wash   bottles  connected   in   series,  we   called   attention   to  the   fact 
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that  in  the  first  bottle  the  average  was  114  particles.  After  again 
shaking  the  same  bottle  and  making  another  count  the  average  was 
151  particles.  A  third  count  was  then  made  after  a  third  shaking 
and  the  count  was  176  particles.  Multiplying  each  of  these  counts, 
first,  by  1000,  the  content  of  the  cell,  and  then  by  200,  which  was 
the  total  amount  of  water  in  the  sample,  we  find  the  count  in  the 
first  instance  was  22,800,000,   for  the  second  30,200,000,  and   for 

TABLE  2.     RESULTS  OF  SPECIAL  TESTS  OF  SPECIMEXS 
FROM  HILL  DUST  COUNTER 

Control  Test 

3  8 

2  10 

1  12 

3  .  9 

0  7 

2  6 

3  14 

2  13 

3  7 

1  8 

1  16 

3  '        10 
0  13 

4  12 

2  16 

3  13 
3  15 

3  12 

5  14 

4  6 

4  .   10 

5  4 

0  13 
4  12 

1  ,  10 

0  10 

1  12 

3  8 

4  6 

5  15 

2  20 
—  11 

n  10 


Average  2.5 


17 

379 

Average  11.1 


the  third  35,200,000,  giving  us  an  error  of  12,400,000  dust  par- 
ticles in  a  given  sample  by  simply  shaking  the  liquid  for  about 
two  minutes.  This  small  amount  of  agitation  does  not  begin  to 
compare  with  that  received  by  the  dust  particles  when  the  air 
is  being  bubbled  through  water  over  a  period  of  several  hours. 
This  experiment  was  so  illuminating  that  it  was  repeated  in  the 
following  manner : 

A  clean  circular   Yz    in.   cover  glass  was   placed   in  the   capsule 
of    the    Dr.    Hill    dust    counter    and    smeared    lightly    with    simple 
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FIG.  6. 


Methods  of  Dust  Determination,  Hill  &  Armspach  301 

syrup  instead  of  the  adhesive  mixture  usually  employed.  A  sample 
of  air  lightly  charged  with  garbage  dust  was  then  taken.  The 
cover  glass  was  removed  from  the  instrument  and  another  thor- 
oughly clean  cover  glass  superimposed  upon  it.  This  was  done 
to  prevent  additional  particles  being  deposited  on  the  specimen. 
It  was  then  placed  on  the  stage  of  the  microscope  and  a  careful 
count  made.  The  count  was  1785  particles.  Next  35  cu.  cm.  of 
clean  distilled  water  were  shaken  in  a  cylinder  graduate  for  one 
minute.  A  sample  of  this  water  was  placed  in  the  cell  and  counted 
longitudinally  across  the  cell.  The  count  was  as  shown  in  the 
column  headed,  Control,  in  Table  2,  the  average  per  field  being 
2.5,  or  the  total  number  of  particles  in  the  35  cu.  cm.,  87,500. 
The  sample  from  the  dust  counter  was  then  dropped  into  the 
solution  and  shaken  for  one  minute.  During  this  operation  the 
two  cover  glasses  separate,  the  simple  syrup  passing  immediately 
into  the  solution,  liberating  the  1785  dust  particles  contained  be- 
tween them.  A  portion  of  the  sample  was  then  removed  by  a 
pipette,  placed  in  the  Sedgwick-Rafter  cell  and  a  count  made 
exactly  as  in  the  control  experiment.  The  result  is  shown  in  the 
column  headed.  Test,  in  Table  2.  The  average  number  per  field 
was  11.1,  or  the  total  count  388,500.  Subtracting  the  total  dust 
particles  in  the  original  liquid,  we  have  388,500  —  87,500,  or  301 ,000 
dust  particles  now  in  the  liquid  from  the  1785  particles  counted 
in  the  original  specimen. 

It  is  perfectly  clear  from  these  experiments  that  in  collectin"^ 
dust  samples  under  water,  shaking  the  sample  and  making  a  count 
with  the  Sedg^vick-Rafter  cell,  we  obtain  from  100  to  200  times 
the  number  of  particles  that  originally  existed  in  the  air  sampled. 

Direct  Counting  by  the  Adhesive  Surface  Method :  Con- 
siderable has  been  said  regarding  this  part  of  the  subject  under 
the  classification  of  collecting  the  sample.  We  need  only  add  fur- 
ther that  the  samples  taken  in  this  way  are  of  much  greater  value 
from  several  standpoints.  The  particles  themselves  are  not  broken 
up  by  the  process  of  collecting  and  their  size,  shape,  configuration 
and  general  nature  can  be  studied  with  considerable  interest  and 
profit.  They  are  retained  on  the  plate  as  they  originally  existed  in 
the  air  and  for  this  reason  form  a  much  truer  indication  of  actual 
conditions  than  where  they  are  collected  under  water  and  broken 
up  or  otherwise  altered  by  the  process  of  collection.  The  sample, 
furthermore,  is  a  permanent  specimen,  can  be  checked  and  re- 
studied  by  other  observers,  or  it  can  be  photographed  for  the  pur- 
pose of  a  permanent  record  or  future  study. 

CONCLUSIONS 

1st — x^ll  dust  is  not  retained  in  the  process  of  sampling  by  pass- 
ing air  through  water  or  a  water  spray.  Where  this  method  is 
used  the  device  should  be  calibrated  and  the  amount  retained  by 
the  instrument  determined.  Furthermore,  dust  particles  are  broken 
up  by  this  method  of  collecting  and  the  number  of  particles  counted 
is  not  a  true  index  of  the  number  originally  contained  in  the  air 
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sample.  It  is  unsuitable  for  the  collection  of  dust  that  is  soluble 
or  where  gases  exist  in  the  air  that  may  cause  chemical  reactions 
with  the  sample  retained  in  the  liquid. 

2nd — All  dust  is  not  retained  where  the  sample  is  collected  by 
causing  the  air  current  to  impinge  against  an  adhesive  plate,  and 
the  amount  that  escapes  must  be  determined  by  careful  calibration 
and  the  correction  factor  used. 

NOTE:    Exception  may   be   made  where  the  air  is  caused  to   impinge  against  a  suf- 
ficient number  of  adhesive  plates  in  series  to  remove  all  of  the  dust. 

3rd — Instruments  for  making  dust  determinations  by  weight 
give  no  information  that  is  not  given  by  the  direct  counting 
method  and  lack  many  of  the  desirable  features  of  the  latter  method. 

4th — The  Sedgwick-Rafter  counting  cell  is  extremely  inaccurate 
and  consequently  not  suitable  for  making  determinations  of  air 
dust.  This  is  due  to  the  fact  that  the  device  has  a  large  constant 
source  of  error  and  that  the  dust  particles  are  broken  up  by  the 
manipulations  necessary  and  give  a  count  frequently  over  100 
times  that  of  the  number  of  particles  contained  in  the  original  air 
sample. 

DISCUSSION 

J.  R.  McColl: — There  is  one  point  in  the  paper,  in  regard  to 
air  washers  for  removal  of  dirt,  where  it  spoke  of  having  it  im- 
pinge on  the  surface.  Practically  that  would  be  impossible,  be- 
cause it  is  necessary  for  the  air  first  impinging  on  the  surface  to 
get  away  from  the  succeeding  air,  like  the  turbine  engine  proposi- 
tion. 

Some  years  ago  I  became  quite  dissatisfied  with  the  design  of 
existing  air  washers,  most  of  which,  at  that  time,  were  designed  on 
the  basis  of  a  spray  chamber  or  rainstorm  to  remove  the  dirt.  Now 
a  rainstorm  will  take  the  dust  out  of  the  air  if  you  leave  the  air  out 
in  the  rain  long  enough,  but  when  the  air  is  running  through  the 
rain  washers  at  about  520  ft.  per  min.  that  air  is  in  the  spray 
chamber  about  ys  sec.  No  matter  how  fine  a  rainstorm  there  is,  in 
j4,  sec.  not  very  much  dirt  could  be  taken  out  of  the  air.  At  that 
time  I  supplemented  my  specifications  with  the  statement  that  in  the 
standard  type  of  air  washer,  the  spray  chamber  should  be  supple- 
mented with  1  sq.  ft.  of  scrubbing  surface  for  every  30  cu.  ft.  of 
air  handled ;  in  other  words,  a  30,000  cu.  ft.  capacity  washer  would 
have  1,000  ft.  of  extra  scrubbing  surface. 

Two  or  three  air  washer  concerns  protested  that  this  added  an 
unnecessary  expense  to  the  air  washer,  but  I  stood  pat  on  the  re- 
quirements and  the  very  same  manufacturers  two  or  three  years 
later  boasted  in  their  literature  about  this  extra  surface  as  a  very 
fine  feature  of  their  air  washers. 

My  theory  is,  that  as  the  air  is  brought  in  contact  with  the  wetted 
surface,  it  must  be  thoroughly  flooded  continually,  partly  by  centrif- 
ugal action  and  partly  by  scrubbing  the  dust.    The  plan  is  to  make 
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the  air  pass  through  this  scrubbing  surface  in  fairly  thin  sheets, 
not  over  1  in.  in  width,  placed  vertically,  and  make  at  least  three 
or  four  abrupt  turns,  centrifugal  action  being  similar  to  a  lot  of 
cannon-balls  on  a  flat  car  going  around  a  curve.  The  dust  being 
heavier  than  the  air,  like  the  cannon-balls,  would  tend  to  seek  the 
outside  of  the  curve. 

Then,  too,  the  slowing  down  effect  of  the  friction  of  the  surface 
will  tend  to  produce  eddies  and  bring  some  dust  in  contact  with 
that  surface  and  I"  found  that  the  proportion  of  about  1  ft.  to  33 
cu.  ft.  of  air  per  min.,  will  give  very  satisfactory  results  in  cleaning 
the  air. 


FIG.  7.     APIWRATUS   TSED  BY  PALMER  IX  SAMl'LIXCi  DUST  IX  AIR. 


I  am  not  quite  sure  whether  the  surfaces  mentioned  in  the  paper 
were  that  kind  of  eliminator  plates  or  scrubbing  surfaces  pure  and 
simple. 

O.  Armspach  : — The  scrubbing  surface  to  which  you  refer  was 
one  set  of  wetted  plates,  and  in  addition  there  was  another  set  of 
dry  plates. 

J.  R.  McCoLL : — Then  you  cut  down  the  number  of  plates  in  the 
air  washer,  using  some  of  them  for  scrubbing  surfaces  rather  than 
eliminators  ? 

O.  Armspach  : — A  washer  with  one  set  of  wetted  plates  serving 
as  a  scrubbing  surface  and  one  set  of  dry  plates  serving  as  elimina- 
tors was  used. 

J.  R.  McCoLL  :-^How  about  the  humidity  of  the  air  leaving  the 
washer  ? 
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O.  Armspach  : — The  humidity  was  relatively  high,  about  85 
per  cent. 

Dr.  E.  Vernon  Hill: — It  has  been  the  rule  in  the  past,  as  you 
all  know,  to  talk  about  the  efficiency  of  an  air  washer  as  being  98 
per  cent.,  99  per  cent.,  or  whatever  it  might  be.  From  tests  in  our 
ventilation  laboratory  certain  interesting  features  have  developed. 
For  example,  we  have  plotted  two  curves  in  a  large  number  of 
tests,  one  by  tests  from  the  weight  of  the  dust  removed  by  the 
washer,  and  one  from  a  count  of  the  particles.  These  curves  bring 
out  a  point  which  is  of  considerable  interest.  Where  the  amount 
of  dust  entering  the  washer  is  comparatively  small,  the  efficiency  of 
the  washer  is  correspondingly  low.  The  more  dust  entering  the 
washer,  the  higher  the  efficiency  becomes,  and  when  we  use  what  is 
commonly  termed  an  "extra  heavy  dust,"  that  is  artificial  dust, 
sufficiently  heavy  to  be  plainly  seen  in  a  room,  the  efficiency  of  a 
standard  commercial  washer  will  run  up  possibly  to  90  per  cent., 
possibly  somewhat  higher,  depending  somewhat  upon  the  character 
of  the  dust,  but  under  ordinary  conditions  where  a. washer  is 
handling  outdoor  air  the  efficiency  may  drop  to  70  per  cent.,  60 
per  cent,  or  much  lower  than  this.  I  believe  it  is  safe  to  assume 
that  if  we  continue  this  curve  to  cover  the  operation  of  a  washer 
in  the  winter  time  when  the  ground  is  covered  with  snow,  and  the 
air  comparatively  free  from  dust,  that  the  efficiency  may  go  very 
much  below  the  last  point  mentioned.  I  feel  that  we  must  in  the 
near  future  change  the  entire  method  of  rating  the  efficiency  of 
washers.  I  should  add  that  the  curves  were  plotted  from  tests 
made  in  1913,  and  the  tests  were  conducted  without  any  thought 
or  knowledge  on*  this  point.  When  we  took  up  the  work  again  last 
year  I  asked  Mr.  Armspach  to  plot  curves  from  the  old  tests.  The 
other  thing  I  wished  to  point  out  was  the  unreliability  of  counting 
dust  particles  with  the  Sedgwick-Rafter  counting  cell. 

Mr.  Weeks  : — How  is  the  great  increase  in  the  number  of  par- 
ticles, as,  counted  on  the  adhesive  material  and  in  the  water,  ac- 
counted for? 

E.  V.  Hill: — The  particles  are  rather  loosely  combined.  When 
one  particle  is  shaken  in  water  it  breaks  up  into  possibly  100  or 
more  smaller  ones.  This  disintegration  varies,  naturally,  according 
to  the  character  of  the  dust.  Some  would  not  break  up  as  much 
as  others.  This  is  the  reason  that,  when  dust  particles  are  shaken 
in  water  to  properly  distribute  them  throughout  the  liquid,  the 
Sedgwick-Rafter  counting  method  gives  many  more  particles  than 
existed  in  the  original  sample. 

Mr.  Weeks  : — How  is  the  air  measurement  made  in  these  dust 
counters  ? 

E.  V.  Hill  : — In  different  ways.  In  bubbling  through  wash  bot- 
tles a  high  pressure  centrifugal  fan  and  a  gas  testing  meter  are 
usually  employed.  In  the  Palmer  apparatus  a  specially  designed 
Pitot  tube  is  used.  In  the  Hill  dust  counter  we  use  a  hand  pump, 
the  capacity  of  which  is  5  cu.  in.  of  air  for  each  stroke  of  the 
pump. 
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RE-MODELING  A  HEATING  SYSTEM 

Conservation  of  Fuel  and  Increased  Efficiency  of  Operation 
Result  from  the  Modernizing  of  a  Steam  System 

By  Helen  R.  Innis,  New  York,  N.  Y. 
Member 

THE  attention  recently  given  to  the  renovation  of  old  buildings 
viTOuld  indicate  that  some  details  of  the  old  mechanical  equip- 
ment encountered,  as  well  as  the  method  of  improvement, 
might  be  of  interest.  An  example  of  the  variety  likely  to  be  found 
in  an  old  building,  that  has  been  used  for  several  purposes,  was 
found  in  the  plant  of  the  Brooklyn  Standard  Union,  a  daily  after- 
noon publication,  when  it  became  imperative  to  improve  their  heat- 
ing system.  A  few  details  of  the  old  conditions,  the  changes  made, 
and  the  resultant  improvement  are  the  subject  of  this  paper. 

This  building  is  about  forty  years  old,  of, brick  construction,  and 
is  five  stories  in  height,  with  a  basement  and  sub-basement.  It 
extends  through  the  block  from  Fulton  to  Washington  Streets,  a 
distance  of  90  ft.,  and  has  a  50  ft.  frontage  on  each  street.  The 
cubic  contents  were  figured  at  about  360,000  cu.  ft. 

So  far  as  can  be  ascertained,  the  building  was  originally  used  as 
a  department  store  and  later  operated  as  the  Arlington  Hotel. 
During  these  periods,  it  was  provided  with  its  own  power  plant, 
laundry  and  kitchen  equipment,  elevator  machinery,  etc.,  and  was 
heated  by  exhaust  steam  from  the  engine  and  auxiliaries,  supple- 
mented by  live  steam  through  a  reducing  valve. 

In  1902  the  Standard  Union  took  possession.  They  found  it 
necessary  to  remove  part  of  the  basement  structure  in  order  to  set 
up  their  printing  presses,  two  large  modern  newspaper  presses 
which  are  located  in  the  sub-basement,  and  extend  up  through  the 
basement  space  on  one  side,  taking  up  the  larger  part  of  the  avail- 
able  cellar.  The  installation  of  these  presses  made  it  necessary  to 
remove  the  engine  room  equipment.  Therefore,  the  elevator  was 
changed  to  electric  and  put  on  Edison  service,  as  was  also  the 
house  pump.  As  the  boiler  feed  pump  was  removed  with  the  rest 
of  the  old  equipment  the  returns  from  the  heating  system  were  con- 
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FIG.    1.     REARRANGED   PIPING   CONNECTIONS  IN   NEWSPAPER  BUILDING. 
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nected  directly  to  the  boiler,  with  a  by-pass  to  the  sewer.  Nothing 
was  retained  but  two  25  h.p.  horizontal  tubular  boilers.  They  were 
left  as  they  were,  and  supplied  the  heating  system  with  steam 
through  a  reducing  valve.  The  intention  was  for  the  condensation 
to  return  to  the  boilers  but  as  they  were  frequently  operated  at  20 
lb.  pressure,  the  sewer  by-pass  was  in  constant  use.  The  results 
were  very  unsatisfactory,  but  as  the  item  of  coal  consumption  is 
not  very  high  in  comparison  with  other  operating  costs  in  a  printing 
establishment,  and  therefore  not  very  interesting  as  compared  to 
some  of  the  other  possible  savings,  they  merely  patched  up  the 
system  here  and  there,  added  or  changed  a  radiator  or  grumbled 
about  the  lack  of  heat,  according  to  the  severity  of  the  winter,  and 
made  the  best  of  it  for  sixteen  years. 

It  is  not  improbable  that  they  would  have  continued  this  maligning 
of  the  heating  equipment  all  winter  and  forgetting  about  it  all 
summer,  had  not  the  w^ar  brought  the  Fuel  Administrator.  Then 
the  severe  winter  of  1917,  which  froze  up  the  harbor  and  caused 
Brooklyn  to  suffer  the  greatest  coal  shortage  it  had  ever  known, 
brought  them  up  short  for  they  found  that  even  though  burning  all 
the  coal  they  could  get,  their  heating  was  neither  constant  nor  ade- 
quate. With  the  limiting  of  their  coal  supply  to  the  amount  neces- 
sary to  heat  a  building  of  this  capacity  with  efficient  apparatus  and 
operation,  they  realized  they  could  never  come  through  satisfac- 
torily. The  only  thing  to  do  was  to  remodel  the  entire  heating 
system. 

In  going  over  the  building  prior  to  planning  the  new  system,  it 
was  found  that  the  principal  source  of  complaint  was  the  top  floor, 
where  the  composing  room  is  located.  This'  floor  always  suffered 
from  very  cold  drafts,  which  were  especially  severe  from  2  to 
4  p.  m.,  when  the  lower  doors  were  constantly  open  while  the 
daily  edition  was  going  out.  As  this  room  was  occupied  at  all 
times  except  Saturday  night,  it  was  decided  that  particular  attention 
must  be  paid  to  the  needs  of  this  floor.  On  the  first  floor  was 
located  the  office  of  the  New  York  World.  It  was  occupied  at 
all  times,  and  required  heat  until  late  at  night.  This  was  another 
particular  point  for  consideration. 

The  principal  part  of  the  old  installation  had  been  a  two-pipe 
system  with  air  line  and  down-feed  risers.  From  the  appearance 
of  some  of  the  old  piping  in  the  centre  of  either  end  of  the  building, 
it  had  evidently  been  considered  necessary  at  some  time  to  install 
additional  radiation  for  this  portion,  and  it  had  been  made  one-pipe. 
Still  later,  some  one  in  authority  had  apparently  given  orders  for 
several  radiators  to  be  installed  in  a  hurry,  and  four  of  90  sq.  ft. 
each  had  been  connected  on  the  second  floor  to  the  most  convenient 
spots  in  the  piping. 

The  radiator  valves  also  showed  a  variegated  assortment.  Some 
were  angle,  some  globe,  and  some  globe  valves,  handle  up,  were 
even  connected  to  one-pipe  radiators.  There  were  some  old  style 
automatic  air  valves,  some  fairly  modern,  and  some  ordinary  pet 
cocks.  The  air  valves  that  were  not  connected  to  the  air  line  either 
vented  into  the  rooms  or  were  connected  into  sewer  pipes  and  vents. 
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Leaky  air  valves,  leaky  stuffing  boxes,  and  porters  draining  radiators 
now  and  then  into  buckets  had  all  left  their  traces  in  damaged 
ceilings  and  floors. 

The  problem  was  to  transform  this  into  an  up-to-date  system,  at 
a  moderate  cost,  and  without  interfering  with  the  activities  of  the 
plant.  As  usual,  although  the  question  came  up  in  ample  time,  the 
actual  signing  of  the  contract  and  the  starting  of  the  work  did  not 
take  place  until  the  heating  season  of  1918  had  come.  The  owners 
and  occupants  were  pleased  at  the  prospect  of  an  air  return  system 
with  but  one  hand  operated  valve  on  each  radiator.  After  all  the 
annoyances  of  insufficient  heat,  with  hissing  and  leaking  valves, 
they  were  ready  to  do  away  with  the  multiplicity  and  variety  of 
valves  and  fixtures  and  enjoy  simplicity  and  uniformity. 

It  was  somewhat  puzzling  to  decide  upon  the  preferable  plan  or 
scheme  for  the  combining  of  the  old  and  new  systems  of  piping. 
The  old  two-pipe  down  feed  system,  which  supplied  the  second  to 
fifth  floors,  had  very  small  steam  risers.  The  main  supply  riser 
was  especially  small.  Therefore,  it  was  decided  that  if  two  new 
3  in.  supply  risers  were  run  to  the  top  floor,  one  at  each  end  of  the 
building,  and  there  connected  to  such  old  mains  as  could  be  used, 
and  new  ones  where  necessary,  it  would  be  a  satisfactory  solution. 
New  return  risers  were  planned  to  take  care  of  the  old  one-pipe 
radiators,  and  new  steam  and  return  risers  for  the  new  radiation. 

As  it  was  practically  impossible  to  change  much  of  the  piping 
that  ran  over  the  presses,  the  old  cellar  main  and  return  were  left 
to  take  care  of  the  first  floor  radiation.  In  view  of  the  fact  men- 
tioned earlier,  that  this  floor  needed  heat  at  unusual  times,  this 
worked  out  very  nicely.  It  made  an  entirely  separate  run  of  this 
first  floor,  and  when  heat  was  needed  only  in  this  portion  of  the 
building,  it  was  possible  to  supply  it  with  the  fires  banked.  The 
first  and  most  direct  supply  of  steam  would  also  be  to  this  floor, 
and  to  the  top  floor,  the  most  used  parts  of  the  building. 

The  press-room  is  heated  by  the  uncovered  steam  and  return 
mains,  as  well  as  by  the  boilers  and  the  stereotyping  apparatus, 
both  of  which  adjoin  it  and  are  practically  in  the  same  room.  The 
heat  given  off  by  the  latter  apparatus  necessitates  ventilation.  This 
is  provided  by  exhausting  the  air  by  means  of  ducts  with  a  fan 
located  on  the  roof.  The  efifect  of  this  exhaust  fan  is  to  act  in 
opposition  to  the  boiler  draft,  and  it  was  recommended  that  out- 
side openings  be  provided  direct  to  the  boiler  room  and  a  tight 
door  placed  between  the  boiler  and  the  press-room. 

Fifteen  linotype  machines  are  used  in  the  composing  room  on 
the  top  floor.  Each  machine  has  a  hooded  connection  to  the  exhaust 
system,  and  the  fan  is  run  continuously  for  the  removal  of  the  lead 
fumes  and  the  products  of  combustion  from  the  gas  burned.  The 
air  leaking  in,  or  coming  up  the  stairway  to  supply  that  exhausted 
by  the  fan,  more  than  offset  the  heating  effect  of  the  gas. 

To  remedy  the  rush  of  cold  air  up  the  stairway  (as  well  as  im- 
prove first  floor  conditions)  the  delivery  room  was  partitioned  off. 
In  the  third  floor  hall,  where  there  is  a  window,  a  100  ft.  radiator 
was  placed   to   heat  the  stairway  and  hall.     Five  new   radiators 
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with  a  total  of  270  sq.  ft.  were  added  at  different  points  in  the 
composing  room. 

In  the  work  of  instalHng  the  apparatus,  the  changes  in  the  steam 
connections  from  the  boilers  to  the  5  in.  main  were  made  in  the 
early  heating  season.  The  two  new  3  in.  main  risers  were  then 
run  to  the  top  floor  and  plugged.  The  connections  from  the  new 
radiators  on  the  first  floor  to  the  supply  and  return  mains  were  all 
made  in  the  middle  of  the  day  when  the  fires  could  be  banked.  The 
old  down  feed  risers  were  used  while  the  new  risers  were  being 
run,  and  the  transfer  from  the  use  of  the  old  to  the  new  was  made 
a  few  radiators  at  a  time.  Wherever  possible,  all  new  piping  was 
run  without  disturbing  the  old,  in  order  that  it  might  be  used  for 
heating.  Thus  the  entire  job  was  installed  while  the  building  was 
in  constant  use,  without  having  the  heat  turned  ofl:. 

When  the  plant  was  completed,  impulse  check  valves  had  been 
placed  on  the  returns  of  all  radiators ;  all  air  valves  had  been 
removed,  and  the  air  was  being  vented  in  the  cellar  through  large 
thermo-float  air  valves.  Those  venting  the  returns  from  the  Fulton 
Street  side  of  the  building, — the  western  exposure — have  a  check 
valve  on  the  outlet.  When  the  fires  are  banked  or  the  pressure 
falls  below  atmosphere,  the  radiators  on  this  side  of  the  building 
keep  warm  while  those  on  the  warmer  side  cool  off. 

The  steam  mains  for  the  first  floor,  as  well  as  those  for  the 
supply  risers  to  the  top  floor  had  been  separately  valved,  with  cor- 
responding valves  in  the  return  mains,  which  made  possible  the 
separate  control  of  the  heating  of  the  various  sections  of  the  building. 
New  return  mains  erected  on  the  ceiling  of  the  basement  provided 
a  separate  system  of  returns  for  the  radiation  on  the  upper  floors,  as 
well.  The  boilers  were  being  run  at  a  very  low  pressure,  not 
exceeding  J/  lb.  except  in  very  severe  weather,' or  for  the  purpose  of 
quick  heating.  The  circulation  was  complete  throughout  the  entire 
system,  and  the  operation  was  quick  and  noiseless.  With  a  greatly 
reduced  coal  consumption,  they  were  obtaining  heat  when  and  where 
they  w^anted  it,  with  the  possibility  of  regulating  the  amount  to 
conform  with  the  requirements. 

DISCUSSION 

The  Author  : — This  is  a  very  simple  description  of  the  appa- 
ratus as  it  was  changed.  The  reason  I  took  this  for  a  topic  was 
that  I  found  it  a  typical  system  for  a  small  plant.  We  have  been 
having  a  number  of  papers  on  large  activities  produced  by  the 
war  and  since  the  small  plants  represent  a  large  percentage  of  the 
heating  plants  in  the  country,  it  seemed  that  it  might  be  interesting 
to  touch  on  the  other  extreme  and  show  how  a  small  plant  had  to 
be  remodeled  to  conform  to  the  best  ideals  of  efficiency  and  saving 
of  fuel. 

H.  M.  Hart  : — Is  there  any  data  on  the  amount  of  fuel  saving 
obtained  after  the  remodeling  of  the  plant  ? 

The  Author: — The  plant  was  not  completed  until  about  the 
middle  of  the  season  which  was  a  very  mild  one  and  while  there 
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was  no  doubt  a  g^reat  deal  of  fuel  saving,  still  they  did  not  believe 
it  was  practicable  to  give  me  the  items  of  fuel  saving  for  only  half 
of  the  season.  I  expect,  however,  to  have  them  for  next  winter  so 
that  accurate  results  can  be  obtained. 
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UTILIZATION  OF  AUTOMATIC  SPRINKLER 
SYSTEM  FOR  HOT  WATER  HEATING 

By  a.  W.  Moulder,  Warren,  O. 
Member 

RESULTS  obtained  from  a  number  of  systems  of  this  type  in- 
stalled and  in  use  over  a  period  of  from  one  to  eight  years, 
coupled  with  the  fact  that  the  Underwriters'  Laboratories  un- 
der the  direction  of  the  National  Board  of  Underwriters  have 
approved  its  use,  leads  the  writer  to  believe  that  this  system  is 
destined  to  come  into  quite  general  use  for  certain  classes  of  build- 
ings. 

It  is  reported  that  as  long  as  25  or  30  years  ago  the  idea  of  utiliz- 
ing the  same  pipes  for  heating  and  for  fire  protection  was  tried  out, 
but  it  was  not  until  1910  that  the  first  automatic  sprinkler  equipment 
of  standard  design  was  combined  with  a  forced  hot  w^ater  heating 
system,  and  the  piping  of  the  sprinkler  systeta  thus  utilized  as  heat- 
ing surface.  The  idea  originated,  no  doubt,  purely  from  a  desire  to 
make  a  saving  in  first  cost  of  installation,  and  while  this  is  still  the 
primary  reason  for  the  combination,  it  has  been  found  that  there  are 
also  some  lesser  advantages,  while  no  apparent  disadvantages  have 
been  found. 

Fig.  1  is  a  diagramatic  sketch  showing  a  typical  combination  in- 
stallation. The  system  may  be  designed  on  either  the  gravity  or 
forced  hot  water  principle,  utilizing  either  steam  heaters,  or  circu- 
lating directly  through  boilers  according  to  local  conditions.  The 
sprinkler  system  proper,  from  the  sources  of  water  supply  to  the 
last  head  on  each  lateral  line  should  be  designed  in  conformity  with 
the  rules  governing  separate  sprinkler  equipments.  The  only  excep- 
tion to  this  is  that  the  tees  in  these  lines  are  turned  on  the  side  and 
a  so-called  insulator  is  installed  between  the  line  and  the  sprinkler 
head. 

This  insulator  consists  of  a  •)4  in.  pipe  bent  into  a  trap  form,  as 
illustrated  by  Fig.  2,  and  the  efificiency  of  this  insulator  is  clearly 
shown  by  the  records  given  in  Table  1  of  a  test  conducted  by  the 
Underwriters'  Laboratories.  A  small  combined  automatic  sprinkler 
and  heating  system  was  constructed,  with  a  standard  size  sprinkler 
line  having  eight  outlets.     Insulators  of  the  dimension  shown  in 
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Fig.  2  were  installed  and  thermometers  were  placed  in  the  end  of 
each,  instead  of  the  sprinkler  heads.  This  sprinkler  line  was  then 
connected  by  supply  and  return  connections  to  a  gas  heater. 

Thermometers  were  also  placed  in  the  main  supply  and  return 
connections.  This  system  was  operated  for  a  period  of  155  days, 
and  57  sets  of  readings  were  taken,  each  set  of  readings  being  taken 
from  1  to  4  days  apart.  Table  1  gives  the  maximum,  minimum  and 
average  temperature  of  all  readings  taken. 

The  grand  average  temperature  of  all  outlets  was  88  deg.  with 
an  average  temperature  of  water  in  the  line  of  190  deg.,  which  would 
indicate  that  the  installation  of  standard  automatic  heads,  fusible  at 
155  deg.,  will  be  entirely  satisfactory,  and  which  experience  with 
actual  installations  has  proven. 


tlofe:-Dimension"A'varies  m'fh  the 
position  of  the  line  with 
reference  to  the  ceiling. 


FIG.  2.     DETAILS  OF  INSULATING  ARM 


TABLE   1. 


TEMPERATURES  RECORDED  IN  TEST  OF  COMBINED  AUTOMATIC 
SPRINKLER   AND   HEATING    SYSTEM. 


Temperature  Supply  Temperature  Return 

Connection,  deg.  Connection,  deg. 

Maximum 247  165 

Minimum    205  142 

Average 225  155 

Temperature  of  Outlets,  deg. 

No.  12345678 

Maximum 107     109     101     100       97       95       92       92 

Minimum    88       91       79       82       73       72       70       71 

Average 100     103       91       93       88       68       82       83 

Inasmuch  as  it  is  impossible  to  drain  the  so-called  insulators  with- 
out turning  them,  the  question  of  freezing  is  also  of  importance.  A 
rigid  test  of  this  was  also  conducted  by  the  Underwriters  Labora- 
tories, four  insulators  being  equipped  with  automatic  sprinklers, 
and  filled  with  their  normal  amount  of  water,  and  subjected  to  tem- 
peratures varying  from  -f  2  deg.  to  —  5  deg.  for  a  period  of  three 
days.  Neither  the  insulator  or  sprinkler  head  showed  any  injury 
at  the  end  of  this  period. 


314 


Transactions  of  Am.  Soc.  of  Heat.  &  Vent.  Engineers 


The  expansion  and  contraction  of  the  water  in  the  system  is  taken 
care  of,  under  the  Underwriters'  rules,  by  means  of  a  ^  in.  hne  at 
the  source  of  the  water  supply,  installed  as  a  by-pass  around  the 
alarm  or  check  valve,  and  by  water  relief  valves.  The  44  in.  by- 
pass is  illustrated  by  Fig.  3,  and  it  will  be  noted  that  a  union 
with  bushing  having  a  J4  ii^-  orifice  is  installed  in  this.  Two  spring- 
loaded-type  "water-relief  valves  are  installed  at  the  heater  or  boiler, 
one  set  at  10  lb.  above  the  highest  pressure  at  source  of  water  supply, 
and  the  other  at  15  lb.  above  the  same  pressure. 


-4'-6'  - 
^-'Sprinkler  Supply 


FIG.    3.     VALVE    ARRANGEMENT— IDENTICAL    WITH    REGULAR    SYSTEM 
EXCEPT    FOR    BY-PASS 


The  supply  main  from  the  heater  should  be  connected  inside  of 
the  alarm  or  check  valve  and  should  be  equipped  with  a  valve  so  that 
the  heater  may  be  shut  off  from  the  sprinkler  system  should  occasion 
demand.  Where  auxiliary  radiating  surface  is  required,  the  con- 
nections for  this  should  be  taken  separately  from  a  point  on  the 
heater  side  of  the  main  shut  off  valve. 

A  complete  system  of  return  lines  must  of  course  be  run,  con- 
necting to  all  lines.  Inasmuch  as  all  of  the  sprinkler  piping  up  to 
the  last  head  must  be  of  regular  sizes  used  for  sprinkler  systems,  it 
is  in  the  design  of  the  return  piping  where  the  equalization  in  flow 
of  hot  water  must  be  taken  care  of.     Very  good  results  have  been 
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FIG.   4.     GENERAL  VIEW   OF   SPRINKLER  LINES,   SHOWING   INSULATING 
ARMS    AND    EXPANSION    JOINT 


FIG.  5.     VIEW  WHERE  FIRE  OCCURRED  AND  SEVEN  SPRINKLERS  OPERATED 
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FIG.    7.     GENERAL  VIEW   OF   HEATEk   ROOM    SHOW 
ING   SIMPLICITY   OF  ARRANGEMENT 


FIG.    8.     METHOD   OF   TYING    SPRINKLER   LINES    INTO    RETURN    PIPING 
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obtained  by  the  use  of  an  additional  valve  used  as  a  throttle  in  the 
return  from  each  series  of  lines,  but  the  writer  very  much  favors 
the  plan  of  equalizing  these  by  means  of  variations  in  the  size  of 
these  connections.  This  can,  of  course,  be  done  much  more  easily 
if  the  returns  are  planned  on  the  basis  of  "first  supply — last  return" 
in  which  case,  the  connection  to  each  series  of  lines  can  be  figured 
as  should  ordinarily  be  done  for  one  pipe  coil. 

The  elimination  of  air  from  the  system  can  be  accomplished  by 
means  of  the  installation  of  automatic  air  traps  on  the  return  lines 
as  illustrated  in  Fig.  1. 

In  calculating  the  heating  value  of  the  radiating  surface  contained 
in  the  sprinkler  piping,  we  may  allow  possibly  a  slightly  increased 
value  over  that  ordinarily  figured  for  overhead  pipe  coils,  on  account 


FIG.  9.     DETAIL  OF  RETURN   AXD  FLO\\"   .MAIN   OUTSIDE  OF  HEATER  ROOM 

of  the  better  air  circulation  around  the  pipe.  Where  these  calcula- 
tions show  that  only  a  small  amount  of  auxiliary  radiating  surface  is 
required,  it  has  been  found  economical  to  increase  the  size  of  all 
lateral  lines  to  2  in.  from  the  first  to  the  last  head,  in  order  to  obtain 
the  added  heating  surface.  It  is  required  by  the  Underwriters  that 
the  maximum  outgoing  water  temperature  be  213  deg. 

It  will,  no  doubt,  be  obvious  that  this  system  is  economically  more 
adaptable  to  buildings  of  such  design  that  the  ceiling  surface  is  large 
in  proportion  to  the  total  heat  loss,  which  means  that  the  radiating 
surface  contained  in  the  sprinkler  piping  will  be  large  in  proportion 
to  the  total  radiating  surface  required. 

Among  the  lesser  advantages  experienced  in  operation  of  the 
combination  system  it  is  found  that  the  sprinkler  system  is  free 
from  air,  thereby  causing  an  earlier  alarm  and  immediate  delivery 
of  water  and  that,  should  there  possibly  be  a  stoppage  in  any  part 
of  the  sprinkler  system,  it  would  be  apparent  in  the  immediate 
stopping  of  circulation,  thereby  affording  a  means  of  inspection  on 
the  sprinkler  system. 
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The  efficiency  of  the  combined  system,  as  a  heating  system,  should 
be  practically  the  same  as  a  separate  hot  water  heating  system  for 
the  same  building. 

There  may  be  a  question  as  to  the  possible  injury  to  persons  due 
to  the  opening  of  heads  while  the  lines  are  filled  with  hot  water,  and 
this  seems  to  be  answered  by  the  theory  that  as  the  water  is  dis- 
charged it  is  sprayed  by  the  deflector  on  the  head,  and  thereby  cools 
sufficiently  to  reduce  any  possibility  of  scalding. 


DISCUSSION 


Perry  West: — I  would  like  to  ask  Mr.  Moulder  if  the  question 
of  the  deterioration  of  the  piping  due  to  hot  water,  or  the  greater 
deterioration  for  hot  than  for  cold  water,  has  been  taken  into  con- 
sideration? The  corrosion  of  the  piping  due  to  the  hot  water  is 
greater  than  it  would  be  with  cold  water.  Of  course  a  sprinkler 
system  with  the  same  cold  water  practically  standing  in  it  year  in 
and  year  out,  would  not  be  subject  to  the  corrosion  that  a  hot  water 
system  would  be,  still  there  would  be  an  upkeep  cost  there  that 
might  be  considered. 

The  Author  : — I  think  the  gentleman  rather  answered  the  ques- 
tion in  the  latter  part  of  his  argument,  that  is,  the  fact  that  the 
water  stays  in  the  system,  practically  the  same  water,  year  in  and 
year  out.  This  is  also  true  of  the  hot  water  system,  as  the  air  passes 
out  automatically  through  air  traps  leaving  the  water  practically 
free  from  air.  Most  corrosion  is  due  to  constant  replacing  of  water. 
If  anything  the  corrosion  may  be  slightly  less  in  a  hot  water  system, 
for  the  reason  that  there  is  less  air  contained  in  the  system.  It  is 
pretty  well  recognized  that  corrosion  is  usually  a  combination  of 
metal,  air  and  water,  rather  than  merely  metal  and  water. 

The  President: — What  is  the  average  amount  of  square  feet  of 
heating  surface  for  100  sq.  ft.  of  floor  surface?  There  is  approxi- 
mately one  sprinkler  head  to  100  sq.  ft.,  therefore  there  will  prob- 
ably be  some  relation  between  the  square  feet  of  heating  surface  in 
the  average  sprinkler  system  and  the  floor  area  or  the  wall  area. 
My  idea  in  asking  this  question  is  to  discover,  if  possible,  the  amount 
of  radiating  surface  obtained  compared  with  the  amount  of  radiat- 
ing surface  required  for  the  heating  of  the  average  building,  up  to 
the  average  working  temperature. 

H.  M.  Hart: — I  should  think  that  the  natural  method  of  instal- 
lation or  design  of  sprinkler  system  piping  tends  to  bank  up  con- 
siderable radiation  in  the  center  of  a  building,  where  the  least  heat 
losses  occur,  and  thereby  has  a  tendency  to  overheat  the  center 
portion  of  the  building. 

The  President: — I  do  not  know  whether  the  writer  of  the  paper 
brought  out  clearly  why  the  heat  does  not  travel  up  to  that  sprinkler. 
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Of  course  there  is  a  pocket  there  which  seems  to  have  the  effect  of 
keeping  the  heat  from  getting  up  to  the  sprinkler  head.  That  metal 
tip  of  3I/2  in.  seems  to  be  effective  in  practice  in  keeping  the  hot 
water  from  affecting  the  sprinkler  head,  because  the  sprinkler  head 
itself  would  let  go  if  it  received  the  water  temperature. 

J.  H.  Davis  : — Have  you  taken  any  readings  by  thermometer 
directly  under  that  head  at  the  same  time  that  the  water  tempera- 
ture was  taken  immediately  behind  it  in  the  supply? 

J.  C.  Miles  : — In  designing  this  system  for  a  hot  water  system, 
was  it  designed  for  sprinkling  or  heating  this  floor;  is  the  pump 
for  a  hot  water  or  a  sprinkling  system?    How  does  it  work  out? 

The  idea  of  asking  this  question  is  to  find  how  to  work  out  the 
number  of  pounds  of  water  obtained  through  the  system  if  the 
sprinkler  system  is  used  to  run  the  heating  system. 

J.  H.  Davis  :— In  Table  1  it  says  the  average  temperature  was 
225  deg.  and  on  the  return  155  deg.,  a  difference  of  70  deg.  Do  we 
understand  that  there  is  a  drop  in  that  water  of  70  deg.  in  the  cir- 
culation ? 

J.  R.  McColl: — Is  a  combined  system  designed  differently  from 
an  ordinary  sprinkler  system  with  a  pipe  for  the  heating  system  ? 

The  President: — How  much  additional  piping  is  necessary  to 
make  a  circulatory  system,  in  addition  to  the  piping  required  for 
the  sprinkler  system  itself?  What  percentage  of  additional  piping 
is  necessary  to  complete  the  circulation  ? 

H.  M.  Nobis  : — Do  the  underwriters  permit  the  use  of  cast-iron 
boilers  for  heater  boilers  with  such  a  system  ? 

C.  G.  BuDER : — When  the  sprinkler  system  is  pumped  up  and  put 
into  service,  the  required  pressure  is  placed  upon  the  top  of  the 
valve.  Now,  as  the  temperature  goes  up,  this  water  will  expand 
and  create  a  greater  pressure.  This  may  be  relieved  through  your 
automatic  valve,  but  suppose  the  temperature  should  then  drop. 
Would  not  the  sprinkling  system  release? 

The  Author: — The  first  question  was  as  to  the  amount  of 
heating  surface  to  100  sq.  ft.,  I  presume  of  ceiling  surface.  On  the 
basis  that  there  would  be  one  sprinkler  to  each  100  sq.  ft.,  which  is 
about  right  for  concrete  construction,  there  would  be  between  5  and 
6  sq.  ft.  of  heating  surface,  using  the  regular  sizes  of  sprinkler 
pipes.  However,  this  can  be  increased  slightly  by  increasing  the 
size  of  the  lines.    There  is  no  objection  to  doing  so. 

In  regard  to  the  question  as  to  the  banking  of  the  heating  sur- 
faces at  the  center  of  the  building,  in  the  type  of  building  where 
this  system  is  applicable,  particularly  warehouses,  there  has  not  been 
experienced  any  trouble  that  I  know  of  on  that  account.  This  is 
probably  due  to  the  fact  that  the  buildings  are  usually  exposed  on 
both  sides,  so  that  there  is  an  air  circulation  clear  across  the  room. 

The  next  question  asked  was  why  the  heat  does  not  reach  the  sprin- 
kler head  with  this  type  of  insulator.  It  is  largely  on  account  of  its 
trap-like  form.     The  only  force  tending  to  circulate  hot  water  into 


Discussion  of  Automatic  Sprinkler  System  for  Heating  321 

this  insulator  would  be  the  force  of  gravity,  and  with  the  0^2  in. 
of  negative  force,  no  hot  water  will  circulate  into  the  insulator, 
but  will  rather  follow  the  line  of  lesser  resistance  which  is  through 
the  line,  that  is  connected  back  to  the  pump  suction  through  a 
series  of  return  lines.  In  addition  there  is  the  fact  that  the  end  of 
the  insulator,  just  underneath  the  sprinkler  head  will  always  be 
filled  with  air  from  a  point  level  with  the  top  of  the  line  off  from 
which  the  insulator  is  connected.  This  air  pocket  forms  somewhat 
of  an  insulator. 

The  next  question  I  believe  was  as  to  readings  taken  in  the  air 
near  the  heads  as  well  as  in  the  water  at  the  heads.  As  far  as  I 
know  there  were  no  readings  taken  at  the  time  of  these  tests,  but 
the  rules  of  the  underwriters  for  steam  coils  or  heating  pipes  with 
relation  to  sprinkler  heads  are  that  steam  pipes  or  overhead 
coils  must  be  at  least  a  foot  away  from  the  sprinkler  heads,  and  this 
is  13^  in.  so  that  it  really  complies  with  ordinary  rules  in  this 
respect. 

The  next  question  was  as  to  whether  the  pump  is  furnished 
primarily  for  the  sprinkler  system  or  the  heating  system.  If  a 
circulating  pump  is  used  it  is  designed  purely  with  reference  to 
circulation  for  the  heating  system  and  with  no  regard  for  the 
sprinkler  system.  It  might  also  be  that  there  would  be  a  fire  pump 
for  the  sprinkler  system.  There  would  be  no  change  in  the  specifi- 
cation for  either  pump  due  to  the  fact  that  it  was  a  combined 
system. 

The  next  question  was  whether  the  drop  in  temperature  was  225 
deg.  to  155  deg.  That  was  true  in  the  case  of  this  test  system  which 
was  constructed  in  the  underwriters'  laboratory.  The  engineer  may 
design  the  combined  system  for  any  drop  in  temperature,  just  as  he 
would  a  regular  forced  hot-water  heating  system  or  gravity  system. 
It  merely  happens  that  this  test  system  was  not  constructed  with 
reference  to  any  specified  drop  in  temperature.  The  fact  is  that 
the  temperature  at  the  first  head,  at  least,  would  be  quite  high, 
disregarding  the  fact  that  the  temperature  through  the  system  on 
an  average  was  only  190. 

The  next  question  was  whether  the  design  with  reference  to  the 
sprinkler  is  any  dififerent  from  the  regular;  that  is,  I  understand, 
any  different  from  the  rules  laid  dowai  by  the  different  insurance 
bureaus.  The  only  difference  at  all  would  be  that  the  heads  must 
be  installed  on  these  insulators  and  the  size  of  the  lines  may  be 
increased,  otherwise  all  the  mains  must  be  the  same  size  usually 
installed  for  a  sprinkler  system. 

The  next  question  is,  do  the  underwriters  permit  the  installation 
of  cast-iron  boilers.  I  believe  they  permit  this,  provided,  of  course, 
that  the  boilers  are  -tested  to  2y^  times  the  maximum  working 
pressure  of  the  system,  which  is  the  requirement  of  the  A.  S.  M.  E. 
Boiler  Code  for  hot-water  boilers. 

The  next  question  was  in  regard  to  overflow,  or  rather,  the 
expansion  and  contraction  of  the  system.  When  the  system  expands 
there  is,  of  course,  some  water  released  from  the  system.  In  Fig. 
3  there  is  shown  a  bypass  around  the  alarm  valve  or  inlet  valve 
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which  permits  filHng  of  the  system  very  slowly  through  a  Y^  in. 
orifice.  This  takes  care  of  the  contraction  of  the  system.  The 
overflow  is  taken  care  of  through  water  relief  valves  or  safety 
valves,  and,  the  expansion  of  the  water  in  the  system  when  the 
temperature  causes  a  pressure  10  lb.  above  the  normal,  which  is 
the  pressure  at  which  the  safety  valves  are  set,  if  actually  figured 
out  will  show  that  the  amount  of  water  released  will  be  very  small, 
and  this  small  bypass  will  readily  replace  same. 

W.  J.  Haynes: — Is  the  system  allowable  by  the  underwriters? 

The  Author: — Yes,  the  system  is  approved  and  on  a  par  with 
the  ordinary  automatic  sprinkler  system. 

H.  M.  Hart: — Is  this  a  patented  system? 

The  Author  : — Basic  patents  on  the  system  are  owned  by  the 
Combined  Heat  &  Sprinkler  Company,  which  Hcenses  people  to 
install  it. 

H.  M.  Nobis  : — What  will  happen  in  case  a  sprinkler  should  open 
on  an  upper  floor  when  the  temperature  is  below  zero,  so  that  the 
rest  of  the  heating  system  would  be  shut  of¥? 

The  Author  : — I  do  not  know  that  the  system  ever  was  sub- 
jected to  exactly  that  condition,  but  the  fact  remains  that  there  is 
an  alarm  valve,  and  in  any  event  the  owner  can  have  installed  a 
supervisory  service  which  turns  in  an  alarm  to  any  point  desired 
through  the  A.  D.  T.  service.  I  cannot  conceive  of  any  condition 
where  it  would  not  have  immediate  attention  with  an  alarm  valve, 
or  through  the  A.  D.  T.  service. 

The  President: — If  the  condition  arose,  of  which  Mr,  Nobis 
has  spoken,  it  might  be  possible  that  for  a  time  the  heating  system 
would  be  out  of  commission,  but  it  would  not  necessarily  be  for 
very  long,  because  in  the  majority  of  cases  in  multi-story  buildings 
there  is  provided  a  valve  for  cutting  olif  one  floor;  and  if  the  circula- 
tory system  is  made  in  such  way  that  the  cutting  ofif  of  one  floor 
will  not  interfere  with  the  circulation,  then  the  heating  system  would 
continue  its  operation. 

What  has  been  found  to  be  the  minimum  temperature  within  a 
building  of  the  ordinary  type  in  which  this  system  is  applicable 
when  the  outside  temperature  goes  10  deg.  below  zero? 

The  Author  : — In  figuring  for  10  deg.  "below  zero,  where  all 
the  heating  surface  in  the  sprinkler  piping  was  not  sufficient  to  take 
care  of  the  heat  loss,  it  would  be  advisable  to  put  in  auxiliary  radi- 
ating surface,  which  would  be  connected  back  of  the  main  supply 
to  the  combined  system. 

The  President: — In  the  systems  that  you  have  installed  what 
has  been  the  experience  with  respect  to  temperatures  in  very  cold 
weather?  Have  you  a  record  showing  temperatures  that  have  been 
obtained  by  means  of  the  combined  heating  and  sprinkler  systems 
alone,  without  additional  radiation  put  in,  supplementary  radiation  ? 
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The  Author: — I  have  not  that  data  at  hand,  but  I  am  quite 
sure  it  is  obtainable. 

The  President  : — In  some  of  the  earlier  systems  installed,  in- 
cluding one  at  Worcester,  Massachusetts,  there  was  not  sufficient 
temperature  from  the  system  to  keep  the  building  from  freezing. 

G.  S.  Barrows: — Data  is  available  on  an  actual  installation  in 
the  quartermaster's  stores  in  Boston,  a  very  large  storehouse.  They 
have  had  a  fire,  I  think  thirteen  heads  opening,  and  I  am  very  cer- 
tain that  before  the  Transactions  are  published  full  information  can 
be  had  including  temperatures  for  the  past  season. 

J.  R.  McColl: — If  those  figures  apply  to  100  ft.  of  heating  sur- 
face on  100  ft.  of  floor,  the  heating  in  the  tenth  story  would  be 
100  sq.  ft.  of  heating  surface  for  every  100  sq.  ft.,  for  the  fourth 
story  240  ft.  in  that  room  and  I  do  not  beheve  many  of  us,  from 
our  rules,  would  put  in  100  ft.  for  every  200  sq.  ft.  in  a  room  and 
put  it  on  the  ceiling  or  anywhere  else.  I  do  not  see  how  one  could 
get  the  temperatures. 

W.  J.  Haynes  : — Counting  the  radiation  put  in  these  rooms,  what 
temperature  is  reached  in  very  cold  weather? 

The  Author: — It  is  merely  a  matter  of  calculation  in  the 
usual  way.  There  are  certain  types  of  buildings  where  the  heat 
from  the  sprinkler  piping  is  sufficient.  There  is  a  building  right 
here  in  Pittsburgh,  in  which  we  have  installed  a  steam  heating 
system  that  would  have  had  more  than  sufficient  heating  surface 
in  the  sprinkler  system,  had  a  combined  system  been  installed.  It 
is  a  warehouse  building,  heated  only  50  deg.  in  zero  weather  and 
covering  a  very  large  area  in  proportion  to  the  heat  loss.  The 
whole  thing  is  merely  a  matter  of  heat  gained  from  the  sprinkler 
system  piping  as  against  heat  losses,  and  both  must  be  figured  for 
every  building.  You  will  soon  find  out  that  it  is  applicable  for 
certain  types  of  buildings  and  it  is  not  applicable  to  others. 

H.  I\I.  Hart: — I  supposed  that  in  all  these  systems  auxiliary 
cast-iron  radiation  was  supplied  from  all  the  system  for  taking  care 
of  the  excessive  heat  loss  through  the  windows  and  outside  walls : 
in  such  a  case  what  kind  of  radiation  is  used  in  a  tall  building  on 
account  of  the  high  pressure  in  the  system.  Inasmuch  as  it  seems 
that  auxiliary  cast-iron  radiation  is  not  installed  is  there  any  objec- 
tion to  installing  this  auxiliary  radiation  in  the  form  of  ordinary 
cast-iron  radiators  ? 

C.  G.  Buder: —  In  St.  Louis  we  have  as. high  as  75  lb.  pressure 
on  the  city  mains.  The  underwriters  require  us  to  carry  a  125  lb. 
pressure  on  top  of  the  valves.    There  a  bypass  would  not  work. 

Is  there  a  cast-iron  boiler  that  will  stand  a  test  of  a  125  lb. 
pressure? 

The  Author  : — In  regard  to  the  installation  of  auxiliary  radi- 
ation, it  is  permissible  to  install  any  type  of  radiation  which  will 
stand  the  pressure.  I  believe  the  cast-iron  wall  radiation  made  by 
most  manufacturers  will  stand  80  lb.  and  that  it  is  required  that 
auxiliary  radiation  should  be  installed  on  a  separate  circuit  with 
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the  returns  run  back  to  the  heater  and  connection  made  between 
the  heater  and  main  valves.  It  might  be  that  the  underwriters 
would  allow  variations  from  this  rule. 

In  regard  to  the  pressure  in  St.  Louis,  I  do  not  agree  that  with 
a  75  lb.  pressure  on  the  city  mains  this  system  would  not  work  but, 
regarding  the  installation  of  cast-iron  boilers  or  cast-iron  auxiliary 
radiation,  I  would  say  a  cast-iron  boiler  would  be  out  of  the  ques- 
tion on  a  pressure  that  high.  It  would  be  practicable  on  a  system 
having  a  low  pressure. 


No.  529 

GAS  FOR  HEATING 

By  Geo.  S.  Barrows,  Providence,  R.  I. 
Member 

WE  all  know  that  gas  is  an  ideal  fuel  for  any  purpose.  We 
also  know  that  there  is  a  very  general  idea  that  its  expense 
precludes  its  use  for  heating  buildings  (I  am  referring  to 
manufactured,  not  natural  gas).  But  is  not  this  feeling  of  its 
excessive  expense  due  to  habit  or  prejudice? 

Suppose  gas  to  be  the  fuel  commonly  in  use  and  some  one,  dis- 
covering coal,  attempted  to  market  it,  claiming  for  it  the  only 
advantage  over  gas,  a  lower  cost,  say  for  example,  50  per  cent. 
How  many  of  us  for  this  saving  would  give  up  the  clean,  con- 
venient, easily  controlled  gas,  which  is  most  reliably  delivered  to  us 
without  exertion  or  thought  on  our  part  and  for  which  we  have 
to  provide  no  storage  space,  for  the  dirty,  difficultly  handled  coal 
which  requires  storage  both  before  and  after  use.  However,  coal  is 
commonly  used  and  gas  is  not,  although  its  use  is  extending  rapidly. 

In  comparing  performances  of  heating,  it  is  necessary  to  consider 
climatic  conditions  as  well  as  those  of  the  building  and  appliance. 

The  reports  which  the  Gas  Association  ottains  from  gas  com- 
panies call  for  the  location  and  exposure  of  the  building,  the  char- 
acter of  occupancy,  wall  and  window  surface,  cubic  contents,  kind 
of  heating  appliance  and  gas  consumption  by  months.  If  we  have 
similar  installations  in,  for  example.  New  York  City  and  Charles- 
ton, S.  C,  and  they  are  operated  with  equal  care,  the  gas  consump- 
tion in  the  latter  city  will  be  less  than  in  the  former  because  the 
outside  temperature  is  higher. 

What  comparison  should  we  make?  Is  the  mean  for  the  month 
a  fair  indication  of  the  heat  requirement  or  the  fuel  consumption? 
Let  us  assume  that  for  one  period  the  maximum  each  day  is  40 
deg.  and  the  minimum  is  30  deg.  Then  the  mean  for  the  period 
is  35  deg. 

Now  let  us  assume  another  period  when  each  day  the  maximum 
is  50  deg.  and  the  minimum  20  deg. — the  mean  being  the  same. 
Should  the  fuel  consumption  be  the  same  ?  To  try  to  get  a  line  on 
this  we  have  drawn  charts  similar  to  Fig.  1. 

This  is  from  the  Weather  Report  for  the  month  of  January,  1919, 
in  Providence.  Each  line  represents  the  temperature  for  one  day, 
the  lower  end  being  the  minimum  temperature  and  the  upper  end 
the  maximum  temperature.     On  the  2nd  of  January,  for  instance. 

Presented   at   the   Semi-Anniial   Meeting  of  The  American   Society  of  Heating  and 
Ventilating   Engineers,    Pittsburgh,    Pa.,   June,    1919. 
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the  minimum  temperature  was  25  deg.  while  the  maximum  was 
57  deg.  In  February  and  March  there  is  quite  a  variation,  and  par- 
ticularly in  the  spring  and  fall  months  when  there  are  a  number  of 
days  when  the  minimum  temperature  does  not  fall  below  60  deg. 

We  have  assumed,  arbitrarily,  that  if  the  outside  temperature  does 
not  fall  below  6U  deg.  no  heat  will  be  required  inside  on  that  day; 
that  if  it  does  not  rise  above  60  deg.,  heat  will  be  required  all  day, 
while  if  the  temperature  is  both  above  and  below  60  deg.,  heat  will 
be  required  a  part  of  the  day  only. 

We  have  prepared  charts  for  three  years  and  we  would  like  to 
know  whether  or  not  we  are  on  the  right  track. 

Gas  for  intermittent  heating,  I  think  you  will  all  agree,  is  the 
ideal  fuel,  because  when  the  temperature  is  fairly  high  or  where 
the  building  is  only  used  for  one  or  two  days  in  a  week  there  is 
practically  no  expense  for  keeping  the  fire  going,  for  banking,  or 
putting  it  out. 

We  have  records  of  some  very  interesting  cases  of  gas  installa- 
tions. One,  a  church,  in  Springfield,  Mass.,  where  during  the  winter 
season  of  last  year,  that  is,  1917-1918,  when  the  season  was  unusu- 
ally cold,  a  system  using  gas  was  estimated  to  have  saved  nearly 
50  per  cent  over  the  estimated  cost  of  coal.  They  had  no  way  of 
knowing  just  w'hat  coal  would  cost  them  because  they  had  formerly 
been  buying  steam  from  a  theatre  across  the  street.  The  theatre 
could  not  supply  them  with  steam  any  longer  and  they  had  to  put 
in  a  heating  system.  They  estimated  that  they  would  use  about 
150  tons  of  coal,  which,  at  $10  a  ton,  would  have  cost  about 
$],500.  Their  gas  bills  for  the  season,  with  gas  at  Si  a  thousand, 
amounted  ta  under  $1,000. 

In  another  installation  of  a  similar  character — and  the  figures  that 
I  am  giving  are  generally  applicable  to  any  of  the  modern  types  of 
gas  heating  systems — a  large  dance  hall  in  Providence  was  heated. 

The  approximate  building  conditions  were  as  follows : 

North  wall  exposure 1754  sq.  ft. 

Glass   552   "     "■ 

West  wall  exposure  2769   "     " 

Glass    903   |]     "_ 

Southern  wall  exposure   1754 

Glass    553    "     " 

Eastern  wall  exposure    1504    "     " 

Glass    745    "     " 

Roof  exposure   29745    "     " 

Floor  exposure    14560   "      " 

Contents 475000  cu.  ft. 

The  owners  of  the  building  wanted  to  have  the  hall  open  two 
nights  a  week  throughout  the  winter.  Formerly,  when  coal  was 
used  for  fuel  they  could  not  afford  to  open  it  for  such  short  periods. 
Starting  in  1915  they  have  kept  it  open  for  not  only  one  or  two 
nights  a  week  but  at'  times  it  has  been  open  every  night  and  gas 
has  provided  a  most  satisfactory  fuel.  As  there  is  practically  no 
labor  for  operating,  the  building  superintendent  and  janitor,  who 
keep  the  floor  waxed  and  give  general  attention  to  the  building, 
have  been  able  to  take  care  of  the  heating  system  without  difficulty. 
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The  consumption  for  the  heating  season  of  1916-17  was  1,283,000 
cu.  ft.  For  the  season  of  1917-18  the  consumption  was  1,429,000 
cu.  ft.  During  the  season  1916-17  the  average  temperature  was 
34.6  deg.  or  somewhat  less  than  the  normal  temperature  for  that 
period  of  35.1  deg.  During  the  season  of  1917-18  the  average 
temperature  was  31.9  deg.,  considerably  under  the  normal. 

During  the  season  of  1918-19  the  consumption  was  983,000  cu. 
ft.  but  the  average  temperature  was  38.1  deg.  or  somewhat  above 
normal. 

I  wish  to  emphasize  the  point  that,  while  gas  fuel  is  ideal  for  any 
kind  of  a  building,  it  is  economical  from  a  fuel  standpoint  (under 
the  average  conditions  of  fuel  cost)  only  when  the  heating  is 
intermittent.  But  where  uniform  temperatures  are  desirable,  as  they 
are  in  many  residences,  the  ease  with  which  the  temperature  may 
be  maintained  makes  the  additional  cost  of  fuel  alone  negligible. 
It  is  my  personal  belief,  gained  from  experience,  that  where  gas  costs 
1/10  per  1,000  cu.  ft.  what  coal  costs  per  ton,  there  is  a  very  ready 
market  for  gas  fuel  for  general  heating  purposes,  and  as  there  are 
now  on  the  market  10  or  12  very  satisfactory  appliances  for  hot 
air,  hot  water,  or  steam  central  heaters  and  also  individual  heaters, 
all  of  which  have  efficiencies  in  use  of  well  over  75  per  cent,  they 
should  be  given  more  consideration  than  has  been  given  them  in  the 
past. 

Many  gas  companies  are  interested  in  the  sale  of  coke  as  well  as 
gas  and  the  American  Gas  Association  is  making  a  careful  study 
of  this  fuel,  as  well  as  of  one  of  the  other  competitive  fuels — oil. 

DISCUSSION 

James  H.  Davis: — I  would  hke  to  ask  Mr.  Barrows  if  the  Gas 
Association  has  any  standard  of  efficiency  of  its  gas;  that  is  the 
number  of  B.t.u.  per  cubic  foot.  I  have  recently  been  in  Port- 
land, Oregon,  where  they  are  making  a  very  strong  effort  for  gas 
heating,  and  there  they  charge  only  50  cts.  per  1,000  for  gas  for 
fuel,  when  it  is  used  in  a  building  or  house ;  and  they  are  applying 
it  to  furnaces  as  well  as  to  hot  water  and  steam  apparatus. 

H.  M.  Hart: — As  regards  the  drawing  of  comparisons  between 
the  cost  and  convenience  of  heating  with  gas  versus  coal,  we  have 
a  pretty  good  line  on  the  available  heat  in  heat  units  obtained  in 
coal  in  heating  boilers,  so  all  we  need  for  the  purposes  of  comparison 
is  the  heat  units  available  or  the  efficiency  obtained  from  the  gas 
fuel  heating  boiler. 

In  Chicago  they  are  now  installing  in  some  cases  auxiliary  gas- 
burning  boilers,  cross-connected  with  the  coal  heating  boilers,  so 
that  in  mild  weather  or  for  intermittent  heating  they  can  burn  gas ; 
and  the  talking  point,  of  course,  for  those  installations  was  the 
difficulty  a  year  ago,  or  perhaps  the  scare — it  was  really  not  a 
difficulty — of  obtaining  a  sufficient  amount  of  coal.  But  until  we 
get  the  efficiency  of  the  gas-heating  boiler  I  do  not  see  that  there 
is  any  use  in  asking  the  question.     That  is  the  data  we  need. 
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H.  M.  Nobis  : — I  kept  a  record  in  the  City  of  Springfield,  where 
they  have  city  steam  and  coal  and  gas,  of  a  number  of  buildings 
which  were  heated  by  coal  and  gas  and  iDy  city  steam.  The  average 
cost  of  city  steam  was  28  cts.  per  sq.  ft.  per  season,  which  was  five 
months  during  1917-1918.  The  coal  was  26  cts.,  at  $5  a  ton  coal, 
not  including  the  labor  attached  to  it  and  the  natural  gas  was  18 
cts.  per  sq.  ft.  per  season;  but  natural  gas  over  there  was  at  that 
time  30  cts.  per  1,000.     It  is  31  cts.  at  the  present  time. 

The  President: — What  is  the  B.t.u.  content  of  that  gas? 

H.  M.  Nobis:— I  think  800  B.t.u. 

H.  M.  Hart: — I  do  not  see  how  it  is  possible  to  take  different 
buildings  and  compute  the  efficiency  of  gas  upon  cost  per  square 
foot  of  radiation,  because  one  building  may  be  utiHzed  24  hr.  per 
day  and  another  10  hr.  per  day ;  one  building  may  have  50  per  cent 
more  radiation  than  it  requires  to  maintain  the  desired  temperature 
and  the  other  building  may  have  half  as  much  as  it  should  have,  so 
these  comparisons  may  be  misleading.  I  think  we  ought  not  accept 
them  without  a  good  deal  of  question. 

C.  L.  Riley: — In  the  State  of  New  Jersey  during  the  fall  there 
was  a  scarcity  of  coal  and  this  compelled  the  Public  Service  Com- 
mission to  permit  the  quality  of  the  gas  to  be  reduced,  so  that  now 
I  believe  the  standard  is  down  or  was  down  during  the  war  to  550 
B.t.u.  per  cu.  ft.  Now  the  variation  in  B.t.u.  between  natural  gas 
and  manufactured  gas  seemed  so  great  that  I  think  these  figures 
should  be  accompanied  by  a  statement  of  what  gas  is  used  as  well 
as  its  price  per  1,000  cu.  ft.  And  I  would  like  very  much  to  know 
also  whether  the  Gas  Association  is  making  an  effort  towards  stand- 
ardizing the  B.t.u.  in  a  cubic  foot  of  gas  throughout  the  country 
or  whether  there  is  any  effort  being  made  in  that  direction. 

The  President: — On  the  basis  of  600  B.t.u.  gas,  raising  the 
30  ct.  price  to  $1,  the  gas  per  square  foot  per  season,  on  the  natural 
gas,  would  run  about  7-1.3  cts.  as  compared  with  28  cts.  for  city 
steam  and  26  cts.  for  coal  at  $5  per  ton. 

P.  M.  O'CoNNELL : — The  author  refers  in  the  paper  to  a  building 
which  was  heated  by  gas.  I  was  wondering  if  it  was  heated  by  gas 
heaters  or  whether  gas  was  used  for  fuel  in  connection  with  the 
heating  system?  The  reason  I  ask  this  question  is  because  I 
find  that  in  some  places  heated  by  gas  it  is  hard  to  get  rid  of  the 
fumes.  One  going  into  a  building  can  tell  in  a  minute  if  it  is  heated 
by  gas  stoves. 

J.  R.  McCoLL : — Have  any  difficulties  been  encountered  in  cities 
because  of  the  prevention  of  the  use  of  gas  in  this  way  by  the  city 
engineering  department  ? 

Perry  West: — I  should  like  to  call  attention,  in  connection  with 
those  comparisons,  to  some  things  found  out  last  year  when  the 
committee  gathered  data  for  the  determination  of  coal  consumption 
for  buildings  in  different  parts  of  the  country.  That  data  showed 
that  there  was  a  great  variation  in  the  amount  of  coal  used  per  square 
foot  of  radiation,  per  cubic  foot  of  building,  per  room  or  on  any 
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other  basis  it  might  be  figured,  depending,  the  Committee  thought, 
upon  the  personal  equation  in  the  handling  of  the  plant.  There  were, 
for  instance,  residences  in  San  Antonio,  Texas,  and  one  particular 
place  in  Knoxville,  Tennessee,  where  one  would  think  less  coal  would 
be  necessary  than  in  Maine.  On  the  contrary  the  consumption  was 
a  great  deal  more  per  room  per  cubic  foot  or  on  any  other  basis  than 
in  similar  houses  in  Maine.  It  was  found  from  1^  tons  a  season 
in  Maine  to  4^  tons  in  San  Antonio,  Texas.  So  in  making  any  of 
these  comparisons  care  should  be  used  to  gather  enough  data  to 
determine  whether  the  comparisons  are  on  a  fair  and  equal  basis. 

T.  J.  Easter: — It  is  going  to  be  difficult  for  any  gas  manufac- 
turer or  practical  user  of  a  furnace  to  make  a  fair  comparison 
between  the  use  of  a  coal  of  unknown  quality  and  a  fuel  gas  of  a 
known  quality.  The  Pittsburgh  vein  coal  mined  in  this  district, 
east  or  south  of  this  city,  will  be  an  excellent  producer  of  gas ;  it 
will  also  be  an  excellent  producer  of  steam.  Coal  mined  from  the 
Pittsburgh  vein  west  of  this  city  is  not  a  gas  producing  coal,  but 
an  excellent  steam  coal ;  hence,  to  use  this  grade  of  coal  in  a  fire 
box  would  seem  to  be  the  most  economical  method  of  using  it. 

Now  compare  the  steaming  qualities  of  the  Pittsburgh  gas  coal 
with  the  steaming  of  the  gas  made  from  the  same  coal,  which, 
together  with  the  by-products,  is  a  fair  comparison  and  will  show 
a  decided  advantage  in  the  use  of  gas  as  fuel.  In  other  words, 
to  produce  gas  economically  requires  coal  of  a  certain  character 
and  one  with  a  high  percentage  of  volatile  matter.  Then  the  ulti- 
mate cost  of  producing  gas  depends  upon  what  disposition  is  made 
of  the  by-products.  If  reasonably  profitable  disposition  is  made  of 
by-products  of  gas  production  from  Pittsburgh  gas  coal,  the  cost 
of  the  gas  would  be  so  low  that  one  could  not  possibly  afiford  to 
use  coal  in  the  old  way. 

If  one  wished  to  start  a  gas  producer  in  any  particular  locality 
the  first  important  question  would  be  what  kind  of  coal  was  avail- 
able. We  know  that  it  would  be  useless  to  consider  anthracite  or 
even  such  grades  as  the  Pocahontas  bituminous  coal,  both  of  which 
are  practically  void  of  volatile  matter,  for  gas  making.  The  latter 
coal  may,  however,  be  used  as  a  mixture  to  bring  up  the  by-product 
coke  value  for  metallurgical  purposes,  but  at  the  expense  of  reducing 
the  gas  output.  This  method  of  producing  gas  as  a  fuel  would 
permit  of  its  sale  in  competition  with  the  use  of  the  same  coal  in 
a  fire  box  only  in  case  the  by-product  coke  finds  a  good  market. 

Pittsburgh  is  fortunate  in  being  located  in  the  heart  of  the  highest 
grade  gas  coal  fields  in  the  world,  and  because  in  the  future  more 
attention  is  to  be  paid  to  utilizing  coal  by-products  than  ever  before, 
this  district  can  produce  gas  at  the  minimum  cost.  The  time  is  fast 
approaching  when  the  enormous  waste  from  bee-hive  coke  ovens, 
the  expensive  development  of  short  lived  natural  gas  wells,  and  the 

M.  A.  Ehler.s:  (.Written)  I  ([uestion  the  statement  referring  to 
the  comparative  cost  of  gas  and  coal,  however,  because  if  you  will 
examine  the  data  sul)mitted  from  St.  Louis  and  Baltimore,  particu- 
larly the  latter,  you  will  observe  that  they  assume  32,000  cu.  ft.  of 
gas  at  550  B.t.u.  is  equivalent  to  one  long  ton  of  hard  coal  as  used  in 
the  standard  furnace. 
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wasteful  method  of  burning  coal  in  the  old  way  will  pass  with  the 
things  that  have  been. 

The  Author: — It  is  almost  impossible  to  say  that  one  kind  of 
gas  should  be  used  in  all  parts  of  the  country.  Coal,  coke,  oil  and 
labor  conditions  will  influence  the  choice.  The  use  of  the  by-prod- 
ucts will  also  have  no  small  effect  upon  determining  the  kind  of 
gas  which  it  is  best  to  make  in  any  particular  locality. 

Similarly  no  standard  B.t.u.  value  can  be  fixed  for  all  parts  of 
the  country,  but  in  any  one  locality  the  requirements  for  the  B.t.u. 
value  are  usually  set  by  the  State  Commission  or  the  municipal 
authorities. 

An  investigation  made  by  the  Bureau  of  Standards  in  Washington 
shows  that,  so  far  as  value  to  the  consumer  goes,  there  is  little 
difference  whether  they  use  a  larger  quantity  of  a  lower  heat  value 
gas  or  a  smaller  quantity  of  a  higher  heat  value  gas.  This  is  predi- 
cated on  the  appliance  being  properly  adjusted  for  the  particular 
gas  in  use.  An  appliance  adjusted  for  the  low  B.t.u.  value  gas 
w^ould  give  a  lower  efficiency  with  high  B.t.u.  gas  and  vice  versa. 

In  asking  for  data  we  always  ask  for  the  B.t.u.  value  of  the  gas 
in  order  to  make  our  comparisons  fair. 

Of  course  the  number  of  installations  will  depend  on  the  rela- 
tive price  of  gas  and  coal  but  we  are  not  considering  the  price  of 
gas,  as  we  are  studying  the  question  principally  from  the  technical 
standpoint. 

The  value  of  our  report  will  be  determined  by  the  number  of 
replies  received,  for  we  cannot  assume  that  the  figures  will  be  reliable 
unless  we  can  take  the  average  of  a  large  number  of  cases. 

Here  I  w^ould  like  to  emphasize  again  the  importance  of  knowing 
whether  to  take  the  average  mean  temperature  or  whether  to  con- 
sider the  fluctuation  in  temperature  and  I  hope  that  some  one  will 
be  able  to  enlighten  me  on  this  point. 

On  the  Pacific  Coast,  gas  is  unquestionably  the  best  fuel  to  use. 
There  heat  is  required  nearly  every  day  but  for  only  a  short  period 
each  day.  For  instance,  in  San  Francisco  during  one  whole  year 
there  were  363  days  when  the  temperature  was  below  60  deg.  at 
some  time  during  the  day  but  the  mean  temperature  was  very 
much  higher  than  in  a  great  many  cities  where  a  heating  season 
only  lasted  for  about  half  a  year. 

Oil  of  course  is  almost  as  good  a  fuel  as  gas  from  the  stand- 
point of  convenience  to  the  consumer.  Gas  has  two  advantages 
over  oil.  It  is  unnecessary  to  provide  storage  for  it  as  it  is 
delivered  to  the  consumer  without  thought  on  his  part.  It  is  also 
somewhat  easier  to  control  and  it  is  not  necessary  to  give  quite  as 
much  attention  to  the  burners. 

When  the  Association  first  started  to  investigate  the  subject  of 
heating,  the  committee  was  called  the  Committee  on  Auxiliary  Heat- 
ing because  it  was  thought  that  the  best  way  to  start  the  use  of  gas 
was  to  put  auxiliary  heaters  beside  the  coal  heaters,  gas  being  used 
in  these  auxiliary  heaters  during  the  spring  and  fall  months. 

This  use  of  gas  for  such  a  purpose  is  just  as  strongly  indicated 
today  as  it  was  then  but  we  have  also  found  that  gas  is  a  very  satis- 
factory fuel  for  all  season  heating. 
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Regarding  the  question  of  flueless  heaters,  these  are  used  to  a 
very  great  extent  and  always  will  be  used  where  a  small  amount 
of  auxiliary  heating  is  required.  For  continuous  heat  in  living 
rooms  they  are  not  desirable.  For  heating  stores  or  buildings  where 
ventilation  is  provided  by  opening  doors  or  other  means,  they  are 
very  satisfactory. 

Vitiation  of  the  air  in  a  room  from  a  flueless  heater  is  not  nearly 
so  serious  as  many  people  think.  CO,  is  not  nearly  so  deleterious 
as  the  poisons  from  animal  exhalation  and  the  percentage  of  CO, 
has  been  used  as  a  measure  for  the  vitiation  of  the  air  because  it 
is  very  readily  determined.  CO,  which  is  very  poisonous,  is  seldom 
found^  in  the  products  of  combustion  of  modern  gas  appliances  and 
is  almost  entirely  absent  from  those  which  are  well  adjusted. 

The  odors  of  flueless  heaters  are  often  due  to  the  burning  or 
scorching  of  dust  particles  in  contact  with  the  hot  surface  of  the 
heater  and  if  the  appliances  are  not  properly  adjusted  there  may  be 
some  odor  of  acetylene  or  formaldehyde. 

Of  course  if  any  gas  system,  like  a  coal  system,  is  allowed  to 
get  out  of  adjustment  or  get  dirty  its  efficiency  will  drop  off  but  I 
think  I  am  safe  in  saying  that  the  average  modern  gas  heater  will 
give  an  operating  efficiency  of  from  75  per  cent  to  80  per  cent. 

Some  appliances  run  at  a  very  much  higher  efficiency  than  this. 
One  appliance  that  I  know  of  has  an  operating  efficiency  of  from 
1)0  per  cent  to  95  per  cent.  All  these  appliances  that  I  refer  to 
have  flue  connections.  These  efficiencies  are  certainly  very  much 
higher  than  those  of  solid  fuel  appliances  and  they  are  much  less 
affected  by  the  personal  equation. 

I  cannot  give  any  figures  at  the  present  time,  but  we  hope  to 
have  figures  which  will  show  the  average  number  of  cubic  feet  of 
gas  used  per  100  cu.  ft.  of  building  contents  during  a  heating  season. 

Referring  to  the  question  of  heating  in  Texas,  I  am  not  surprised 
that  there  may  be  buildings  where  more  coal  is  used  during  a 
heating  season  in  Texas  than  in  Maine.  The  character  of  building 
construction  differs  greatly,  buildings  in  Maine  being  much  more 
tightly  built  than  those  in  Texas.  Then  too,  there  are  less 
violent  fluctuations  of  temperature  in  Maine  than  in  Texas  so  that 
the  efficiency  of  the  appliance  is  probably  considerably  higher  in 
Maine.  It  is  human  nature  to  feel  that  if  the  drafts  are  turned  on 
full  more  heat  will  be  obtained  and  with  the  temperature  drop- 
ping as  rapidly  as  it  does  in  the  Texas  "pan  handle"  during  a 
norther  (where  the  temperature  will  often  drop  50  deg.  in  4:  or  5 
hours)  the  average  householder,  knowing  that  it  is  going  to  get 
colder  and  colder,  will  turn  everything  on  full  in  an  attempt  to  get 
the  house  warm  and  entirely  disregard  the  question  of  efficiency. 

Referring  to  Mr.  Ehler's  discussion,  it  should  be  noted  that  my 
reference  to  cost  includes  not  only  the  value  of  the  fuel  itself  but 
also  the  saving  of  labor,  convenience,  cleanliness,  etc.,  all  of  which 
factors  enter  into  the  cost  dift'erential  which  the  average  person  is 
willing  to  pay  for  gas  fuel. 


No.  530 

HEATING  AND  VENTILATING  SYSTEMS  AT  THE 

U.  S.  GOVERNMENT'S  SMOKELESS  POWDER 

PLANT  AT  NITRO,  WEST   VA. 

G.  W.  Hubbard,  Chicago,  III. 
Member 

THIS  enterprise,  officially  designated  as  the  United  States 
Government  Explosives  Plant  "C,"  was  designed  and  con- 
structed for  the  manufacture  exclusively  of  smokeless  pow- 
der,— to  be  one  of  the  two  largest  of  such  plants  in  the  country, 
with  a  capacity,  as  originally  contemplated,  of  500,000  lb.  of  powder 
per  day;  this  was  later  increased  35  per  cent,  so  that  the  ultimate 
capacity  was  625,000  lb. 

The  site  selected  was  a  tract  of  approximately  1,900  acres  of 
farm  land  on  the  north  bank  of  the  Kanawha  River,  about  14  miles 
west  of  Charleston.  It  was  reached  by  the  Kanawha  and  Michigan 
Railroad, — essentially  a  freight  line,— which  passed  through  the 
reservation  and  provided  connections  for  points  north  as  far  as 
Toledo,  Ohio,  and  by  the  Chesapeake  &  Ohio  Railroad  on  the 
south  bank  of  the  river,  which  provided  connections  east  and  west. 
A  ferry  was  maintained  to  furnish  transportation  across  the  river. 

On  this  tract  of  ground  there  were  only  about  half  a  dozen  houses 
with  barns  and  other  farm  buildings.  Charleston,  the  nearest  city, 
had  a  population  of  about  35,000,  and  it  was  evident  from  the  first 
that  this  community,  even  with  the  assistance  of  two  or  three  smaller 
towns  located  in  the  vicinity  of  the  plant,  would  be  unable  to 
provide  homes  for  the  workers  and  their  families.  So  it  was 
realized  that  there  must  be  built  not  only  a  manufacturing  plant, 
but  a  town  as  well,  and  steps  were  at  once  taken  to  provide  for  this. 

It  was  estimated  that  when  the  plant  was  in  full  operation,  there 
would  be  about  10,000  workers,  many  of  whom  would  be  married, 
and  that  to  house  them  provision  should  be  made  for  a  town  of 
35,000  people.     It  was   further  realized  that  the  men  who  were 
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to  build  this  manufacturing  plant  and  town  must  be  provided  with 
quarters  in  the  grounds  and  that  arrangements  must  be  made  to 
provide  shelter  and  food  for  them. 

It  was  expected  that  the  construction  force  at  the  beginning  of 
the  work  would  consist  of  about  5,000  men,  to  house  whom,  20 
frame  barracks,  two  stories  high,  were  built.  These  were  long 
buildings,  designed  to  accommodate  200  men  each.  An  entrance 
from  either  side  opened  into  a  central  hall  which  separated  the 


FIG.    2. 


VIEW    OF    CONVERTER     BUILDINGS    AT     THE     NITRO     SMOKELESS 
POWDER   PLANT 


first  story  into  two  large  sleeping  rooms ;  a  stair  led  to  a  single 
sleeping  room  in  the  second  story.  A  wash  house  with  toilet 
faciHties  and  shower  baths  was  built  adjacent  to  each  barrack; 
these  buildings  were  later  connected  by  a  covered  passage  to  provide 
protection  for  the  men  in  inclement  weather. 

Temporary  mess  halls  were  built  in  which  to  feed  the  men  and 
later,  as  the  weather  grew  w^armer,  out-door  ranges  were  provided 
and  the  men  were  permitted  to  prepare  their  own  meals  and  to 
eat  them  at  long,  wooden  tables,  sitting  on  wooden  benches,  definite 
spaces  being  allotted  to  the  various  races  represented.  These  out- 
door kitchens  were  very  popular  during  the  summer  months,  and 
when  it  grew  cold  in  the  fall,  the  spaces  were  enclosed  so  that  they 
could  still  be  used. 
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It  was,  of  course,  necessary  to  provide  light  and  water  at  once. 
Inasmuch  as  this  was  an  emergency  requirement  which  could  not 
await  the  laying  out  of  the  permanent  power  plant  and  the  delay 
incident  to  the  purchase  of  equipment  in  the  normal  way,  inquiries 
were  sent  out  for  second-hand  material  and  in  a  very  few  days 
two  vertical  water  tube  boilers  of  250  h.p.  each,  a  steam  engine 
and  generator  of  250  k.w.,  a  fire  and  a  service  pump  had  been 
purchased  and  were  on  their  way  to  the  plant,  to  be  followed  soon 
by  additional  pumps,  filters  and  storage  tanks. 

The  river  was  subject  to  great  fluctuations  in  level,  rising  and 
falling  very  rapidly,  so  that  it  was  necessary  to  install  the  pumps, 
which  were  to  take  the  water  from  the  river,  on  platforms,  set  on 
inclined  tracks,  so  arranged  that  they  could  be  raised  or  lowered 
as  required  by  the  existing  conditions  of  the  river.  These  pumps 
delivered  into  an  elevated  tank  of  25,000  gal.  capacity,  from  which 
the  water  flowed  by  gravity  through  filters  into  four  storage  tanks, 
each  of  25,000  gal.  from  which  it  was  distributed  to  the  barracks  area 
and  to  other  parts  of  the  grounds  as  necessary  for  fire  protection, 
construction  and  other  purposes. 

While  the  buildings  to  provide  quarters  for  the  construction 
forces  were  being  erected  at  one  point  and  the  temporary  power 
plant  to  provide  public  utilities  at  another,  work  was  also  being 
pushed  at  a  third  point,  where  the  administration  building, — the 
nucleus  of  the  administration  department, — was  being  built  to  pro- 
vide offices,  drafting  rooms,  etc.,  for  the  designing  engineers,  the 
contractors,  and  the  representatives  of  the  government.  This  was 
a  two-story  frame  building,  about  200  ft.  wide,  with  two  wings 
extending  about  150  ft.  to  the  rear ;  later,  a  third  wing,  three  stories 
high,  was  added.  It  was  heated  by  means  of  direct  radiation,  sup- 
plied by  two  locomotive  type  steam  boilers  placed  in  the  basement ; 
there  being  no  excavation  below  the  first  floor,  except  the  small 
space  required  by  the  boiler  plant,  the  steam  supply  mains  were 
placed  at  the  second  story  ceiling,  feeding  radiators  in  the  first  and 
second  stories,  and  the  return  mains  along  the  walls  at  the  floor 
of  the  first  story. 

The  manufacturing  portion  of  the  plant  is  divided  into  eleven 
departments  as  follows : 

Sulphuric  acid  department,  where  sulphur  is  converted  into  sul- 
phuric acid ; 

Nitric  acid  department,  where  sodium  nitrate  is  converted  into  nitric. 
acid ; 

Cotton  purification  and  bleaching  department,  where  the  raw  cot- 
ton required  for  the  manufacture  of  the  powder  is  received, 
stored,  cleaned  and  dried  preparatory  to  nitration  ; 
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Nitration,  pulping  and  purification  department,  where  the  cleansed 
and  dried  cotton  is  treated  with  sulphuric  and  nitric  acid,  then 
thoroughly  washed  in  boiling  water  and  blended  to  form  gun 
cotton ; 

The  coUoiding  department,  where  the  excess  of  water  remaining 
in  the  gun  cotton  is  removed  by  the  substitution  of  alcohol, 
and  where,  with  the  addition  of  ether  and  a  small  amount  of 
diphenylamine,  the  product  is  pressed  into  blocks  and  later  into 
macaroni-like  strings  of  powder,  and  then  cut  to  lengths,  form- 
ing grains  of  smokeless  powder; 

The  drying  department,  where  the  grains  are  dried,  blended  and 
packed  ready  for  shipment : 


FIG.    4.     VIEW    OF    THE    ADMINISTR.\TIOX    BUILDIXG    AT    THE    XITRO 
SMOKELESS    POWDER    PLANT 


The  storage  and  shipping  departmoit.  composed  largely  of  the  maga- 
zines in  which  the  packed  powder  is  stored  to  await  shipment : 

The  proving  ground,  where  the  powder  is  tested  to  determine 
whether  it  is  of  proper  quality; 

The  mecJianical  department,  containing  the  shops  required  for  the 
repair  and  upkeep  of  the  machinery  around  the  plant; 

The  box  factory  and  administrative  department,  one  section  of 
which  contains  the  buildings  used  for  the  manufacture  of  the 
powder  boxes,  and  the  other,  the  several  administrative 
buildings ; 

The  pozcer  department,  containing  the  boiler,  generating  and  pump- 
ing plants  and  auxiliary  equipment. 
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Of  the  above  departments,  the  first  six  represent  steps  in  the 
manufacture  of  the  powder,  starting  with  the  gathering  of  the  raw 
materials  and  ending  with  the  finished  powder  packed  in  air-tight 
boxes  awaiting  shipment.  The  process  taking  place  in  each  depart- 
ment is  independent  of  that  in  any  other,  and  each  department  w^as 
designed  in  such  a  manner  as  to  best  obtain  the  greatest  results  in 
its  own  branch  of  the  work,  contributing  at  the  same  time  to  an 
efficiently  operating  plant  as  a  whole. 

In  the  sulphuric  acid  department,  sulphur  in  the  solid  state  is 
first  converted  into  a  gas  and  then  condensed  and  made  into  sul- 
phuric acid.  There  are  seven  units,  having  a  total  capacity  of 
500,000  lb.  of  acid  per  day  of  24  hours.  This  group  consists  of 
about  100  manufacturing  structures,  including  sulphur  bins,  burner 
buildings,  denitrating  and  concentrating  towers,  weighing  and  mix- 
ing houses,  storage  tanks,  etc.  The  buildings  are  of  fire-proof 
construction,  steel  framing  and  hollow  tile  walls  being  used  through- 
out. The  nature  of  the  operations  taking  place  in  them  is  such 
that  no  heating  or  ventilating  equipment  is  required. 

In  the  nitric  acid  department,  nitrate  of  soda  brought  to  the  plant 
in  bags  is  converted  from  sodium  nitrate  to  nitric  acid  by  treatment 
with  sulphuric  acid.  There  are  four  units,  having  a  total  capacity 
of  580,000  lb.  of  acid  per  day.  This  group  consists  of  about  ')5 
manufacturing  structures,  including  nitre  storehouses,  retort  houses, 
acid  towers,  tanks,  vats,  etc.  These  buildings,  like  those  in  the 
sulphuric  acid  department,  are  of  steel  and  hollow  tile  and  for  the 
most  part  require  neither  heating  nor  ventilating.  There  is,  how- 
ever, a  laundry  where  the  nitre  bags  are  thoroughly  shaken,  washed 
and  mended.  This  building  is  heated,  for  which  purpose  steam  coils 
were  installed. 

In  the  cotton  purification  department,  the  raw  cotton  brought  to 
the  plant  in  bales  as  linter  and  hull  fiber,  is  placed  in  storage  build- 
ings until  needed.  At  this  time  the  two  grades  of  cotton  are  mixed 
in  the  proper  proportions,  and  delivered  by  blowers  through  gal- 
vanized iron  ducts  to  the  cotton  purification  buildings;  to  be  boiled 
and  cleansed  with  a  solution  of  hot  caustic  soda  pumped  through 
large  tanks.  After  this  operation  is  completed,  the  cotton  is  treated 
with  a  bleaching  solution,  and,  thoroughly  cleansed  and  purified, 
is  pumped  to  a  set  of  steam  driers,  in  which  practically  all  water 
is  removed  and  the  cotton  made  ready  for  nitrating.  This  group 
consists  of  four  units,  each  having  a  crude  fibre  storage  house, 
purification  house,  bleach  plant  and  drying  house.  In  addition, 
there  are  cotton  and  burlap  bale  buildings,  storage  and  pump  houses, 
and  similar  structures  required  for  the  normal  operation  of  the 
department.  Also,  there  are  three  large  open  sheds  for  the  storage 
of  a  reserve  supply  of  cotton.  The  buildings  are  of  light  wood 
construction,  the  walls  covered  on  the  outside  with  roofing  paper  and 
battens.  The  roofs  are  of  composition.  Steam  coils  having  suffi- 
cient capacity  to  maintain  a  temperature  of  40  deg.  are  installed  in 
the  buildings  of  this  group,  except  the  cotton  storage  buildings  and 
drying  houses.  The  former  require  no  heating  as  they  are  used  for 
storage  only,  while  the  latter  are  warmed  by  the  continuous  driers, 
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of  which  there  are  six  in  each  building.  In  addition  to  the  buildings 
already  mentioned,  this  group  contains  also  equipment  for  the 
recovery  of  caustic  soda  and  bleaching  solution  and  for  restoring 
it  to  the  proper  condition  for  re-use.  The  causticizer,  evaporator 
and  incinerator  buildings  are  of  fire-proof  construction.  No  heat- 
ing equipment  was  installed  in  the  buildings  of  the  recovery  section. 

The  purified  cotton,  after  passing  through  the  dryers  is  de- 
livered by  blowers  from  the  cotton  purification  department  to  the 
nitration,  pulping  and  purification  department,  to  be  transformed 
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FIG.  5.     DETAILS  OF  POWER  PLANT  AT  U.  S.  COX'T.  EXPLOSIVES  PLANT  'C" 


into  gun  cotton.  In  this  department,  as  well  as  in  the  two  following, 
(the  coUoiding  and  the  drying),  the  buildings  are  arranged  in  five 
lines  of  units,  each  having  a  capacity  to  nitrate,  colloid,  dry  and  pack 
125,000  lb.  of  powder  in  21  hours.  These  departments  form  the 
heart  of  the  manufacturing  processes,  for  it  is  in  them  that  the 
component  parts  of  the  powder  which  have  been  in  preparation  in 
the  preceding  departments  are  brought  together  and,  through  various 
operations,  are  changed  into  the  finished  product,  to  be  stored  and 
tested  in  the  succeeding  departments.  The  buildings  in  the  nitration, 
pulping  and  purification  department  are  of  the  same  general  con- 
struction as  those  in  the  cotton  purification  department, — of  light 
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wood,  the  walls  covered  on  the  outside  with  roofing  paper  and 
battens.  In  this  department  the  cotton  is  treated  with  a  solution 
of  sulphuric  and  nitric  acids  in  the  nitrating  houses ;  here,  too,  the 
excess  of  acids  is  drawn  ofif  and  the  cotton  delivered  to  the  boil- 
ing tub  houses  where  it  is  boiled  in  large  wooden  tubs  for  about 
66  hours.  After  this  it  is  taken  to  the  pulping  houses,  where  the 
masses  of  cotton  are  broken  up  and  the  whole  is  then  forwarded 
to  the  poaching  houses,  where  the  boiling  process  is  continued. 
This  is  followed  by  a  blending  of  the  cotton  and  its  de-hydration  in 
centrifugal  wringers,  leaving  it  free  from  sulphuric  acid  and  ready 
for  conversion  from  gun  cotton,  as  it  is  now  known,  to  smokeless 
powder.  A  sufficient  amount  of  direct  radiation  was  placed  in  the 
nitrating  and  final  wringer  houses  to  maintain  a  temperature  of  55 
deg.  during  cold  weather.  A  few  of  the  smaller  buildings  were 
similarly  equipped,  but  in  general,  the  heat  given  ofif  in  the  manu- 
facturing processes  is  sufficient  to  maintain  proper  temperatures 
in  the  buildings  so  that  no  heating  systems  are  required. 

After  passing  through  the  nitrating,  pulping  and  purification  de- 
partment, the  cotton  is  delivered  to  the  colloiding  department  in 
cars.  Here,  in  the  de-hydrating  press  houses,  the  water  which  has 
remained  in  the  gun  cotton  is  replaced  by  alcohol  in  massive  hy- 
draulic presses,  operating  at  about  3,000  lb.  pressure.  The  cotton 
leaves  these  houses  in  blocks  which  are  broken  up  in  the  next 
process  preparatory  to  the  addition  of  ether  and  diphenylamine  in 
mixing  machines  in  the  mixing  houses.  In  these  houses,  too,  the 
product  is  again  formed  into  blocks  in  huge  presses,  after  which  it 
passes  on  into  the  finishing  press  houses,  where  it  is  pressed  into 
its  final  shape  in  what  are  called  "macaroni  presses"  and  cut  into 
lengths  in  cutting  machines.  The  de-hydrating  press,  block  breaker, 
mixing  and  finishing  press  houses  in  which  the  above  described 
operations  take  place,  as  well  as  the  subsidiary  buildings,  including 
those  for  receiving  and  denaturing  the  alcohol  used  in  this  depart- 
ment ;  for  mixing  the  diphenylamine  and  ether ;  for  weighing  the 
solvent  before  delivering  it  to  the  mixing  houses ;  for  the  recovery 
of  imperfect  powder ;  for  the  cleansing  and  repair  of  the  screens 
used  in  the  presses ;  for  the  manufacture  and  repair  of  the  dies — 
also  used  in  the  presses ;  for  housing  the  pumps,  accumulators  and 
other,  equipment  comprising  the  pumping  plant  which  supplies  the 
hydraulic  pressure  for  the  operation  of  the  presses  and  for  storage 
buildings  and  the  pump  houses ;  all  these  are  of  wood  covered  on  the 
outside  with  roofing  paper  and  battens.  The  finishing  press  houses 
and  a  few  others,  which  are  considered  particularly  dangerous  fire 
hazards,  are  lined  on  the  inside  with  sheet  iron,  and  all  exposed  wood 
work  is  covered  in  a  similar  manner.  The  ether  and  alcohol  houses 
in  which  the  ether  is  manufactured  and  solvent  rectified  are  of  steel 
and  brick.  Of  all  the  departments  in  the  manufacturing  area,  this 
is  the  only  one  to  contain  a  comprehensive  heating  system  and  the 
only  one  to  have  a  ventilating  system  for  the  comfort  of  the 
workers.     Direct   radiation   in   the   form   of   steam   coils   was   in- 
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Stalled  in  the  pyro  car  storage  sheds,  receiving  and  denaturing  sta- 
tions, de-hydrating  press  houses,  diphenylamine  mixing  houses,  sol- 
vent weigh  stations,  screen  recovery  house,  die  and  repair  shop, 
grinding  shop,  pump  houses  and  such  other  buildings  as  required 
heating  and  in  which  the  manufacturing  processes  were  such  as 
jiot  to  prohibit  this  type.  Such  a  system,  however,  could  not 
be  used  in  buildings  where  alcohol  or  ether  fumes  were  present,' 
and  here  it  was  necessary  to  install  fan  blast  systems.  This 
was  done  in  the  mixing  houses,  where  fresh,  warmed  air  is 
supplied  by  fans  delivering  into  systems  of  galvanized  iron  dis- 
tributing ducts,  and  foul  air  is  removed  by  exhaust  fans,  operating 
through  similar  ducts.     Fresh,  wiwmed  air  is  also  supplied  to  the 
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finishing  press  houses  by  fans,  but  there  are  no  exhaust  fans,  pro- 
vision being  made  for  the  exit  of  foul  air  by  natural  means.  In 
every  case  the  fans  are  installed  outside  of  the  rooms  in  which 
the  powder  is  being  made,  independent  rooms  being  provided  to 
receive  them,  as  a  spark  from  the  motor  driving  the  fan  might 
cause  an  explosion  if  it  occurred  in  the  presence  of  ether  or  alcohol 
fumes.  Mechanical  exhaust  systems  of  ventilation  keep  the  pits 
below  the  presses  in  the  de-hydrating  press  houses  free  from  alcohol 
vapor. 

The  powder  having  been  cut  to  size,  it  is  next  sent  to  the  drying 
department,  where  it  is  placed  in  huge  hoppers  and  a  large  pro- 
portion of  the  solvent  used  in  the  colloiding  department  is  recov- 
ered, to  be  returned  by  pumps  to  the  ether  and  alcohol  houses  for 
rectification.  The  powder  is  forwarded  to  the  drying  houses  for 
further  drying  and  later  to  the  blending  and  packing  houses  to  be 
made  ready  for  shipment.  The  solvent  recovery  houses  are  of 
brick,  the  other  buildings  of  wood  similar  to  the  buildings  in  the 
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other  manufacturing  areas.  No  heating  or  ventilating  equipment 
is  installed  in  these  buildings,  except  where  required  to  assist  in 
the  drying  process. 

The  shipping  department  consists  almost  wholly  of  magazines — 
wood  frame  buildings  covered  on  sides  and  roof  with  corrugated 
iron;  these  do  not  require  heating. 

The  buildings  in  the  mechanical  department,  except  the  brass 
and  iron  foundries  and  the  machine  shop,  and  those  in  the  box 
factory  group  of  the  administrative  department,  are  of  light  wood 
construction,  covered  on  the  outside  wdth  roofing  paper  and  battens. 
The  foundries  and  machine  shop^  are  of  steel  and  brick.  The  latter 
is  heated  by  a  fan  blast  system,  supplying  warm  air  through  dis- 
tributing ducts.  The  other  buildings,  except  the  foundries  and 
those  for  storage,  are  heated  by  direct  radiation  in  the  form  of 
steam  coils. 

In  addition  to  the  strictly  manufacturing  buildings,  there  are  many 
smaller  structures  of  a  general  nature  scattered  through  the  several 
departments.  These  include  the  laboratories  needed  to  test  the  gun 
cotton  and  powder  on  its  way  through  the  plant ;  the  change  houses 
for  men  and  women,  containing  toilet  and  locker  rooms ;  emergency 
dressing  stations  for  the  immediate  treatment  of  injuries;  toilet 
houses ;  rest  houses ;  supervisors'  offices ;  time  stations ;  gate  houses, 
and  such  structures.  These  are  of  frame  construction,  with 
"novelty"  siding  and  composition  roofs  and  are  lined  on  the  inside 
with  wall  board.  They  are  provided  throughout  with  heating  sys- 
tems of  sufficient  capacity  to  maintain  a  temperature  of  70  deg.,  the 
medium  in  most  cases  being  steam  supplied  to  radiators  or  coils, 
though  in  a  few  cases  where  steam  was  not  readily  available,  gas 
room  heaters  were  used. 

Steam  for  the  manufacturing  processes  and  for  heating  the  build- 
ings where  required  throughout  the  manufacturing  departments  is 
taken  directly  from  high  pressure  mains  run  above  ground  on  wooden 
bents.  Branches  are  taken  from  these  mains  as  necessary  and,  where 
the  supply  is  for  heating  only,  a  pressure  reducing  valve  was  placed 
on  the  branch  inside  the  building  served.  If  the  building  contains 
pumps  or  other  steam  driven  equipment,  the  exhaust  from  which 
is  available  for  heating,  it  is  so  used,  supplemented  by  high 
pressure  steam  if  the  exhaust  is  insufficient.  No  attempt  is  made 
to  return  the  water  of  condensation  to  the  boilers  as  most  of  the 
steam  used  in  manufacturing  is  necessarily  w^asted  and  it  was  felt 
that  the  amount  which  could  be  recovered  from  the  heating  systems 
was  too  small  to  make  it  feasible  to  install  a  return  system  of  the 
great  lengths  that  would  be  required.  The  boiler  plant  was  therefore 
designed  for  the  use  of  cold  water  only.  The  plant  consists  of  34 
water  tube  boilers,  each  having  a  rated  capacity  of  1,000  h.p., 
equipped  with  under-feed  stokers  and  arranged  so  as  to  operate 
at  100  per  cent  overload.  They  are  set  in  two  parallel  boiler  houses, 
the  boilers  in  each  house  in  one  row,  facing  the  coal  storage  which 
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is  on  the  ground  between  the  houses.  Coal  is  brought  to  this  point 
either  by  train  or  boat ;  the  latter,  however,  requires  a  short  haul 
by  cars  from  the  unloading  dock. 

As  the  shipping  department  and  proving  ground  were  removed 
as  far  as  possible  from  the  other  departments  of  the  plant,  they 
were  far  from  the  mains  in  the  manufacturing  areas;  for  this  reason, 
isolated  plants  were  installed  for  heating  these  sections.  In  the 
shipping  department,  a  central  plant  with  a  single  cast  iron  boiler, 
gas  fed,  was  installed  to  supply  steam  for  heating  the  change 
house,  supervisor's  office  and  a  booster  pumping  station  of  the  fire 
protection  system.  Similarly,  in  the  proving  ground  two  central 
heating  plants  supply  heat  to  two  small  groups  of  isolated  buildings. 
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One  of  these  groups  consists  of  a  gun  shed  and  projectile  storage, 
chronograph  house  and  a  loading  laboratory  and  constant  tem- 
perature magazine.  The  last  named  building  is  of  hollow  tile 
construction  and  the  section  used  as  a  magazine  is  built  partly 
above  and  partly  below  ground,  the  part  above  ground  being  cov- 
ered with  an  earth  embankment.  It  is  kept  at  a  constant  tempera- 
ture, being  heated  by  steam  coils  controlled  by  thermostats  or 
cooled  by  brine  circulated  through  cooling  coils.  Direct  radiation 
is  installed  in  the  other  buildings  of  this  group,  all  served  by  a  low 
pressure  supply  vacuum  return  system,  condensation  being  returned 
to  the  boiler.  The  second  group  in  this  department  is  heated  by  a 
steam  system  also. 

Leaving  the  strictly  manufacturing  and  testing  portion  of  the 
plant,  there  is  next  the  administrative  department,  which  includes 
the  administration  building,  mess  halls,  fire  and  police  department 
headquarters,  police  dormitories,  emergency  hospital,  employment 
offices,  laboratories,  telephone  and  telegraph  building  and  other  struc- 
tures of  this  nature.     They  are  of  light  frame  construction  with 
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"novelty"  siding  and  prepared  roofing,  lined  on  the  inside  with 
wall  board.  All  are  heated  by  steam  by  means  of  direct  radiation, 
radiators  or  coils  being  used,  depending  on  the  nature  of  the  build- 
ing. The  supply  for  the  administration  building  was  taken  from 
two  firebox  boilers,  as  has  already  been  described.  The  buildings 
in  this  group  were  not  all  constructed  at  one  time,  but  the  original 
group  was  added  to  as  the  need  for  more  buildings  developed,  and 
so  it  was  that  in  many  cases  the  buildings  contained  independent 
heating  systems,  supplied  by  low  pressure  sectional  steam  boilers. 
In  some  cases,  however,  it  was  possible  to  combine  the  heating  sys- 
tems in  groups  of  buildings,  taking  steam  from  a  central  plant. 
Under  such  conditions,  the  plant  contains  two  or  more  low  pressure 
sectional  boilers  unless  it  supplies  laboratories,  where  at  least  15  lb. 
pressure  is  required  for  testing  purposes.  For  these  buildings  loco- 
motive firebox  boilers  were  installed  and  two  sets  of  mains  run 
to  the  buildings,  one  delivering  steam  at  15  lb.,  and  the  other  at 
lower  pressure  for  heating. 

The  general  hospital  includes  the  officer-in-charge  building,  ad- 
ministration building,  wards,  officers',  nurses'  and  attendants'  quar- 
ters, hospital  mess  hall,  mortuary  building,  operating  pavilion, 
garage,  laundry  and  similar  structures.  They  are  similar  to  the 
buildings  of  the  administrative  group  in  construction  and  all  except 
the  garage  and  the  isolation  ward,  are  connected  by  a  long  corridor. 
Unlike  the  administrative  group,  the  general  hospital  group  was  de- 
signed as  a  complete  unit  and  it  was  felt  that  the  best  results  could 
be  obtained  by  the  use  of  a  large  central  heating  plant,  distributing 
steam  to  the  several  buildings  through  high  pressure  mains  run 
at  the  ceiling  of  the  corridor  with  branches  to  serve  the  buildings, 
supplying  steam  at  low  pressure  through  pressure  reducing  valves. 
It  seemed  probable,  too,  that  the  same  system  could  be  used  for 
future  groups  of  buildings  where  the  structures  were  not  too  far 
apart,  thereby  giving  a  more  economical  operating  system  and  per- 
haps at  less  expense  for  installation.  In  order  that  this  could  be 
done  without  delay  in  obtaining  the  boilers,  it  was  necessary  to 
select  a  type  which  could  be  obtained  easily  and  quickly.  The 
horizontal  tubular  boiler  seemed  to  meet  most  nearly  this  condi- 
tion and  it  was  adopted,  units  to  be  of  100  h.p.  capacity,  designed 
for  not  less  than  100  lb.  pressure.  It  was  felt  that  this  was 
sufficiently  flexible  to  suit  any  condition  which  might  arise,  the  in- 
stallation to  consist  of  one  or  more  boilers  as  necessary  to  give  the 
required  total  capacity.  Also,  being  designed  for  high  pressure, 
they  could  supply  steam,  if  necessary,  for  kitchens,  laundries  or 
other  similar  services.  The  general  hospital  group,  with  its  laundry 
and  main  and  isolation  ward  kitchens,  required  a  total  capacity  of 
400  h.p.,  for  which  four  of  these  boilers  were  installed,  supplying 
steam  through  one  high  pressure  main  for  heating  and  through 
a  smaller  independent  high  pressure  main  to  points  requiring  steam 
during  the  summer  months  to  permit  the  shutting  off  of  steam 
from  the  larger  main  during  this  period.  The  water  of  condensa- 
tion is  returned  to  the  boilers. 
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Shortly  after  this  installation  was  designed,  it  was  again  found 
possible  to  install  a  central  heating  plant  of  this  type,  this  time  one  of 
300  h.p.  capacity,  to  supply  the  white  Y.  M.  C.  A.  building,  one  of 
the  large  mess  halls,  the  milk  plant  and  one  or  two  smaller  buildings. 
Here,  again,  steam  is  distributed  at  high  pressure,  a  portion  of 
the  mains  being  run  on  bents  above  the  ground  and  a  portion  in 
the  ground,  depending  on  the  nature  of  the  ground,  which  was 
very  uneven  at  this  point.  The  water  of  condensation  is  returned  to 
the  boilers. 

While  the  central  plant  system  had  been  adopted  in  these  cases, 
it  did  not  appear  feasible  for  the  buildings  in  the  civic  center,  which 
is  the  business  portion  of  the  town  and  contains  a  department  store, 
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hotel,  drug  store  and  haberdasher's  shop,  bank,  moving  picture 
theatre,  school,  bachelors  apartments,  Y.  W.  C.  A.  and  similar 
buildings,  as  the  approach  of  cold  weather  made  it  imperative  to 
provide  heat  in  such  buildings  as  were  being  constructed  while  it 
was  still  undetermined  how  extensive  should  be  the  completed  civic 
center.  For  this  reason  and  in  order  that  each  building  should 
be  provided  with  a  heating  system  ready  for  use  by  the  time  the 
building  was  completed  ready  for  occupancy,  it  was  decided  to 
install  in  each  building  an  independent  low  pressure  steam  heating 
system,  supplied  by  one  or  more,  as  required,  sectional  boilers. 
The  systems  are  of  the  underneath  supply  gravity  return  type, 
supplying  direct  radiation  except  in  the  moving  picture  theatre, 
which  is  equipped  with  a  fan  blast  system,  providing  both  heat  and 
ventilation. 

In  addition  to  the  barracks  which  have  already  been  described, 
the  housing  area  proper  contains  several  different  types  of  buildings, 
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depending  on  the  nature  of  the  occupancy,  all  of  frame  construc- 
tion, and  which  can  be  briefly  described  as  follows : 

Bunk  houses,  one  story  high,  with  ''novelty"  siding  and  prepared 
roofing,  plastered  on  the  inside,  with  accommodations  for  48  men. 
Each  building  is  divided  into  24  rooms,  without  communication 
from  one  to  another,  and  each  with  its  own  entrance.  There  are 
20  of  these  houses,  and  like  the  barracks,  each  is  provided  with  a 
wash  house. 

Civilian  bunk  houses^  one  story  high,  with  walls  sheathed  and 
covered  with  prepared  roofing  and  battens,  and  without  partitions ; 
they  are  of  purely  temporary  construction.  They  have  accommoda- 
tions for  about  50  men  each. 

Bunyaloivs  of  from  four  to  six  rooms,  depending  on  the  location 
and  occupancy,  of  frame  construction,  walls  lined  with  wall  board. 
All  the  bungalows  in  each  locality  are  exactly  alike.  These  houses, 
of  which  there  are  more  than  2,000,  are  intended  for  families. 

Tivo-story  houses  of  from  six  to  eight  rooms,  all  with  basements, 
some  with  attics  also.  They  are  of  frame  construction,  plastered 
on  the  inside,  and  are  more  or  less  individual  in  character.  There 
are  only  about  150  of  these  houses,  which  are  intended  for  the  use 
of  the  executives. 

Heating  in  all  of  these  buildings, — barracks,  bunk  houses,  civilian 
bunk  houses,  wash  houses  and  bungalows, — is  either  directly  or 
indirectly  by  natural  gas.  West  Virginia  is  in  the  natural. gas  field, 
and  the  gas  company  had  two  large  mains  passing  through  the 
plant,  making  it  an  easy  matter  to  obtain  all  the  gas  required  for 
fuel  for  both  heating  and  cooking  in  the  residence  area,  and  for 
emergency  lighting  in  the  general  hospital  group  and  at  such  other 
points  as  seemed  desirable.  This  fuel  is  used  also  under  the  boilers 
in  the  several  heating  plants.  It  was  estimated  that  this  would 
require  about  2,500,000  cu.  ft.  of  gas  per  day,  taken  from  the 
mains  at  approximately  175  lb.  pressure  and  delivered  through  pres- 
sure regulators  into  the  service  mains  at  8  oz.  These  mains  extend 
into  every  part  of  the  residence  district  and  to  points  in  the  acid, 
cotton  purification,  nitrating,  administrative  and  mechanical  depart- 
ments, and  the  general  hospital  group.  No  gas  mains  were  in- 
stalled in  either  the  colloiding  or  drying  departments,  as  it  was 
deemed  unsafe  to  permit  open  flames  in  the  powder  manufacturing 
areas.  The  use  of  natural  gas  for  these  purposes  permitted  the 
installation  of  a  simple  system  of  mains  to  supply  fuel  to  all  parts 
of  the  plant  where  this  could  be  used,  providing  a  clean  and  ready 
heating  medium,  and  relieving  the  railroad  for  transportation  of 
other  materials.  It  also  requires  no  storage  space,  hauling  or 
handling. 
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The  methods  of  heating  the  several  types  of  huildings  in  the 
residence  areas  are  ahnost  as  varied  as  the  types. 

Cantonment  heaters  were  installed  in  the  barracks — four  in  each 
building, — one  in  the  center  of  each  main  room  in  the  first  story 
and  two  in  the  second  story,  placed  directly  over  those  in  the  first. 
At  the  time  the  installation  was  made  the  air  supply  was  taken 
from  the  floors  of  the  rooms  to  be  heated,  and  ventilators  installed 
in  the  roof  with  openings  from  both  the  first  and  second  stories  for 
the  exit  of  foul  air.  Later  this  was  found  to  be  insufficient,  and  ducts 
were  run  directly  from  out-of-doors  to  points  below  the  heaters  to 
bring  in  a  constant  supply  of  fresh  air.  The  ventilation  of  these 
buildings  was  still  further  improved  by  installing  a  system  of  foul 
air  ducts  connected  to  the  ventilators,  with  provisions  for  creating 
an  upward  current  of  air  in  them  by  gas  burners. 

An  individual  room  heater  was  installed  in  each  room  in  the 
48  men's  bunk  houses,  provided  with  a  fresh  air  duct  connection  to 
the  outer  air.  A  ventilator  in  the  roof  over  each  room  provided 
an  outlet  for  the  foul  air. 

The  same  plan  was  followed  in  heating  the  civilian  bunk  houses, 
but  as  there  were  no  partitions,  the  heaters  were  placed  under 
alternate  windows  and  the  ventilators  in  the  ridge  of  the  roof. 

Room  heaters  were  used  in  all  wash  houses. 

Many  of  the  bungalows  were  built  with  fireplaces  in  the  living 
rooms  and  here  gas  grates  were  installed.  In  all  rooms  not  con- 
taining fireplaces,  except  the  kitchens,  room  heaters  were  installed. 
No  heat  was  required  in  the  kitchens  except  that  derived  from  the 
gas  stoves. 

The  two-story  houses  were  equipped  with  furnaces,  with  the 
usual  arrangement  of  hot  air  flues  leading  to  the  several  rooms. 
In  one  or  two  instances  gas  room  heaters  were  installed  also,  for 
use  on  days  when  a  small  amount  of  heating  would  be  necessary  in  a 
few  rooms,  but  it  was  not  sufficiently  cold  to  require  the  heating  of 
the  entire  house  by  the  furnace. 

A  few  of  the  larger  buildings,  such  as  the  negro  Y.  M.  C.  A., 
commissary  and  some  of  the  stores,  which  were  not  a  part  of  the 
civic  center,  nor  near  other  steam  heated  buildings,  were  also 
equipped  with  gas  room  heaters. 

No  mechanical  ventilation  was  provided  in  any  part  of  the  housing 
area  where  it  could  be  avoided,  as  the  entire  plant  was  considered 
temporary.  However,  it  was  necessary  to  provide  this  in  the  largest 
of  the  mess  halls,  where  two  supply  fans  were  installed  to  deliver 
fresh,  warmed  air  to  the  dining  rooms  and  an  exhaust  fan  to  re- 
move the  foul  air.  The  latter  was  placed  in  the  kitchen  and  took  the 
major  part  9f  its  suction  from  this  room,  provision  being  made  to 
permit  infiltration  of  air  from  the  dining  rooms  to  the  kitchen. 

It  was  necessary  to  provide  mechanical  ventilation  also  in  the 
auditorium  section  of  the  white  Y.  M.  C.  A.  building,  where  moving 
pictures  were  shown  and  large  numbers  of  people  gathered.  Here 
two  exhaust  fans  took  the  foul  air  from  the  room  and  delivered 
it  out-of-doors. 
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In  the  general  hospital  group  mechanical  ventilation  was  pro- 
vided in  both  the  main  and  isolation  ward  kitchens,  exhaust  fans 
drawing  from  hoods  over  the  ranges  and  other  heat  producing 
equipment. 

The  above  outlines  in  general  the  conditions  governing  the  in- 
stallation of  heating  and  ventilating  equipment  for  this  plant  and 
the  means  taken  to  provide  for  the  comfort  of  the  employees  and 
their  families  in  this  regard.  No  attempt  was  made  to  design  or 
install  work  which  should  be  permanent  or  of  the  highest  efificiency, 
but  the  whole  was  in  accordance  with  good  practice,  of  rugged  con- 
struction, and  as  efificient  as  was  deemed  compatible  with  the 
emergency  nature  of  the  entire  enterprise. 


No.  531 

HEATING  AND  VENTILATING  THE  STANDARD 
SCHOOL  HOUSE 

By  J.  D.  Cassell,  Philadelphia,  Pa. 
Member 

IN  Webster's  Dictionary  we  find  the  word  "standard"  defined  as 
"that  which  is  established  by  authority  as  a  fixed  rule  or  meas- 
ure; established  rule  or  model."  If  the  standard  school  house 
is  to  be  a  model,  then  all  of  its  component  parts  should  be  of  equal 
worth,  therefore  the  heating  and  ventilation  should  approach  this 
measure  of  perfection  as  closely  as  our  present  knowledge  of  the 
subject  permits. 

Who,  however,  proclaiming  the  standard  of  today  may  know  how 
soon  that  fixed  rule  or  measure  will  become  obsolete?  What  shall 
this  standard  be,  and  on  what  may  its  designer  base  his  claim  that 
it  is  a  model,  something  so  nearly  perfect  tKat  it  may  be  accepted 
as  a  rule? 

The  writer  feels  that  it  is  quite  impossible  to  designate  some  par- 
ticular method,  even  though  he  considers  it  nearly  perfect,  and 
expect  that  his  views  will  be  accepted  from  Maine  to  California. 
Even  in  a  given  section  of  the  country  we  find  widely  differing 
requirements  and  desires,  for  the  thickly  populated  city  has  one,  the 
village  another  and  the  sparsely  settled  farming  district,  a  third. 
Consider  the  requirements  of  the  big  city  alone,  where  many  dif- 
ferent types  and  sizes  of  buildings  are  in  use,  and  where  most  of 
the  theories  are  given  at  least  a  chance  for  demonstration. 

We  have  the  advocate  of  the  open  air  class  room,  and  the  man 
equally  sane,  who  would  under  no  condition  permit  his  child  to  sit 
in  an  unheated  room ;  the  man  who  tells  us  there  can  be  no  ventila- 
tion with  closed  windows,  and  the  engineer  who  insists  that  all 
windows  be  closed  or  his  entire  scheme  of  ventilation  is  destroyed ; 
the  advocate  of  upward  ventilation  and  his  adversary  who  claims 
that  better  results  are  obtained  if  the  air  movement  is  downward. 
All  should  be  heard  and  their  theories  and  beliefs  considered,  as 
some  merit  may  be  found,  if  it  be  only  that  it  gives  us  new  side 
lights   and   additional   information.      In   view   of  all   these   widely 
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divergent  requirements  what  shall  be  the  standard?  Shall  it  not  be 
an  intelligent  endeavor  to  produce  within  the  building  an  atmospheric 
condition  approaching  as  closely  as  possible  to  nature,  plus  such 
measure  of  heating  as  may  be  required? 

As  to  methods,  let  us  consider  first  the  unusual  open-air  class 
room.  This  condition  frequently  requires  no  artificial  heat.  In  a 
fairly  mild  climate  we  may,  under  some  restrictions  follow  this 
practice,  particularly  if  the  rooms  have  southern  exposure  with  an 
abundance  of  nature's  gift — the  sun,  the  greatest  heater  and  cleanser. 
Or,  if  the  climate  be  more  severe,  these  rooms  may  be  used  only  if 
some  measure  of  heat  is  provided,  to  offset  the  chill  of  damp,  murky 
days.  But  let  us  not  forget,  if  we  house  children  in  cold  rooms, 
we  must  provide  clothing  in  addition  to  that  furnished  by  the  parent, 
and  also  bear  in  mind  that  frequent  feeding  will  be  necessary  to 
compensate  for  the  heat  loss  of  the  vital  organs  without  encroaching 
too  much  upon  physical  endurance.  But  what  of  the  open-air  room? 
Will  the  tax  payer  stand  for  it?  As  an  economic  question  will  it 
cost  less  or  more  to  feed  40  little  human  furnaces,  and  wrap  40 
children  in  blankets,  than  to  stoke  the  warm  air  furnace  or  steam 
boiler?  And  from  the  other  side,  what  are  the  relative  results  in 
the  mental  and  bodily  vigor  of  the  children  concerned?  These  rooms 
are  a  condition,  but  surely  not  a  standard. 

We  take  pride  in  the  fact  that  we  have  progressed  beyond  the 
little  red  school  house  with  its  "bar  room  stove"  and  no  ventilation 
other  than  the  open  window,  but  which  is,  nevertheless,  the  alma 
mater  of  so  many  sturdy  minds  and  bodies  leading  and  directing  our 
glorious  Republic.  However,  we  have  with  us  today  a  very  similar 
building,  the  one  room  school.  In  these,  quite  satisfactory  results 
are  had  where  a  double  jacketed  stove  or  portable  furnace  is  located 
directly  in  the  room,  with  outside  air  admitted  at  the  base  of  the 
furnace  and  the  air  movement  accelerated  through  a  vent  flue  by 
utilizing  the  waste  heat  of  the  smoke  pipe.  If,  in  a  building  of  this 
kind,  electric  current  is  available  let  us  by  all  means  use  a  disc  fan 
in  the  air  intake,  and  know  that  we  are  providing  a  definite  quantity 
of  warmed  air. 

In  the  consideration  of  buildings  of  moderate  size  and  run  under 
normal  conditions,  good  results  attend  the  use  of  properly  designed 
and  installed  warm  air  furnaces  located  in  the  basement  with  fresh 
air  ducts  leading  to  the  base  of  the  furnace  from  the  point  of  the 
prevailing  winds.  Properly  proportioned  heat  and  vent  flues  must 
be  considered  and  the  efficiency  of  the  latter  will  be  greatly  increased 
if  the  smoke  pipe  of  the  furnace  is  passed  up  through  them.  This 
system  is  also  improved  by  the  addition  of  a  fan  blower  and  may 
be  made  to  produce  positive  results  but  all  warm-air  furnace  heating 
has  its  limitations,  as  the  size  and  number  of  the  heating  units 
increases  far  beyond  any  reasonable  expectation  of  their  efficient 
handling. 

Right  here  the  writer  desires  to  say  that  warm  air  furnace  heating 
has  been  too  severely  and  unjustly  condemned  by  those  who  do  not 
know  or  who  are  biased  in  their  judgment.    The  failures,  some  of 
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them  very  real,  have  been  due,  not  to  the  system  and  method 
employed,  but  to  the  gross  ignorance,  carelessness  or  cupidity  of 
those  making  the  installation.  Where  furnace  heating  is  designed 
and  installed  by  the  engineer  who  knows  the  how  and  the  why,  there 
need  be  no  failure,  but  a  measure  of  success  of  which  no  engineer 
need  feel  ashamed.  A  wide  and  profitable  field  yet  awaits  the  warm 
air  furnace  engineer  who  will  properly  design  and  install  his  system, 
particularly  in  localities  where  extreme  low  temperatures  prevail, 
for  with  this  system  we  escape  the  loss  and  inconvenience  of  frozen 
pipes.  A  valuable  addition  to  furnace  heating  is  the  combination 
warm  air  and  steam  heater,  where  the  rooms  may  be  warmed  by 
direct  radiation,  and  the  air  for  ventilation  is  tempered  by  the  fur- 
nace. If  to  this  outfit  w'e  add  a  fan  blower  delivering  a  known 
volume  of  air,  we  have  a  system  acceptable  in  many  localities. 

We  will  now  consider  steam  heating  systems.  The  one  in  most 
general  use  is  that  in  which  the  air  for  ventilation  is  moved  by 
gravity,  being  brought  in  contact  with  indirect  radiators  and  raised 
to  a  temperature  not  exceeding  90  deg.  fahr.,  and  direct  radiation 
located  in  the  rooms  to  offset  the  heat  losses  through  walls,  windows, 
etc.  Many  considerations  enter  into  this  system;  it  may  be  the  most 
complete  failure  of  any  method,  or  a  system  meeting  most  of  our 
modern  requirements.  We  must  not  only  take  account  of  the  amount 
of  direct  and  indirect  radiation,  but  also  properly  proportion  the 
heat  and  vent  flues  and  provide  a  trunk  line  of  ducts  to  convey  air 
to  the  indirect  radiators.  We  may  design  and  proportion  this 
system  with  the  greatest  care,  calculate  to  a  nicety  just  how 
much  air  we  shall  deliver  to  each  room  when  the  outside  tempera- 
ture is  as  low  as  40  deg.  fahr.  and  obtain  s^itisfactory  results  one 
day.  But  what  of  the  next  day,  when  the  wind  comes  from  the  other 
quarter,  or  comes  not  at  all?  In  fact  we  do  not  have  satisfactory 
control ;  there  need  be  no  question  about  warming  the  building,  but 
each  day  with  its  varying  air  supply,  produces  changed  ventilation, 
requirements  and  results. 

All  of  the  systems  thus  far  considered  may  be  greatly  improved 
by  partially  cleaning  the  air  supply  by  passing  it  through  screens  or 
over  properly  designed  baftles ;  also  by  the  introduction  of  one  of  the 
many  types  of  water  pans  if  furnaces  are  used,  or  perforated  steam 
pipes,  to  obtain  a  given  amount  of  moisture.  In  the  use  of  the  water 
pan  the  required  result  may  be  approximated  only,  but  positive 
results  will  attend  the  use  of  perforated  steam  pipes  humostatically 
controlled.  Automatic  temperature  control  and  draft  regulation 
should  be  provided  as  a  part  of  any  system. 

Let  us  now  pass  on  to  "plenum"  systems.  If  designed  for  both 
heating  and  ventilation  we  raise  the  incoming  air  to  a  temperature 
of  from  70  to  120  deg.  fahr.,  by-pass  a  portion  of  the  unheated 
air  around  the  heater,  and  by  the  use  of  mixing  dampers  deliver 
to  each  room  a  constant  volume  of  air,  warmed  to  the  temperature 
required,  or  a  mixture  of  warmed  and  cold  air.  With  this  scheme 
the  mixing  dampers  should  be  automatically  operated  and  controlled 
by  the  temperature  of  the  rooms.    When  properly  designed  and  pro- 
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portioned  this  plan  leaves  little  to  be  desired  and  should  be  a  success, 
particularly  in  compact  buildings. 

An  installation  of  this  type  is  possibly  open  to  adverse  criticism 
due  to  the  fact  that  in  cold  weather  the  plant  must  be  operated 
during  at  least  three  hours  before  the  opening  of  school  sessions  to 
insure  a  proper  temperature  in  the  rooms ;  the  writer,  too  often 
found  this  true  on  cold  Monday  mornings,  when  the  engineer  did 
not  get  on  the  job  early  enough  to  overcome  the  heat  losses  of  the 
cold  walls.  However,  there  is  a  feature  of  this  system  not  to  be 
disregarded,  one  which  fully  compensates  for  the  possible  objection 
just  mentioned,  that  is,  the  positive  ventilation  obtained  due  to  the 
fact  that  in  warming  the  building,  we  are  introducing  a  definite 
volume  of  air.  What  is  considered  by  some  as  the  most  complete 
and  satisfactory  plant,  is  that  in  which  the  "plenum"  system  provides 
warm  air  in  volume  and  of  temperature  sufficient  only  to  produce 
the  required  ventilation,  while  the  actual  heating  of  the  rooms  is 
by  direct  radiation.  In  this  system,  the  air  supplied  for  ventilation 
is  warmed  to  not  above  90  deg.  and  the  direct  radiation  is  usually 
placed  under  the  windows,  and  operated  unrjer  automatic  temper- 
ature control. 

To  either  of  these  last  two  methods  may  be  added  air  washing 
and  humidification,  also  automatic  or  hand  controlled  dampers  in 
the  vent  flues.  For  economic  reasons,  re-circulation  of  the  air  may 
be  provided,  but  it  should  be  done  only  in  the  early  morning,  before 
the  pupils  are  admitted  to  the  building,  and  under  careful  super- 
vision, to  the  end  that  the  system  is  not  so  operated  during  school 
hours.  Another  variation  of  this  work  is  a  combination  blower  and 
exhaust  system,  in  which  to  the  "plenum"  outfit  is  added  an  exhaust 
fan  to  move  the  vitiated  air.  The  writer  is  firmly  of  the  opinion 
that  no  excuse  may  be  found  for  the  addition  of  this  exhaust  fan, 
where  the  architect  and  engineer  have  given  proper  care  in  design ; 
with  it  the  "plenum"  feature  has  been  totally  destroyed  and  inleak- 
age  induced  (particularly  on  the  windward  side  of  the  building), 
with  all  of  the  objectionable  cold  draughts  which  w^e  usually  strive 
to  avoid.  What,  also  of  the  increased  cost  of  installation  and 
operation  ? 

Another  application  is  the  "unit"  system,  where  air  is  passed  over 
a  direct  radiator,  enclosed  and  located  under  a  class  room  window ; 
the  air  is  moved  by  a  motor-driven  squirrel-cage  fan,  which  delivers 
the  desired  volume  of  air  for  ventilation.  One  or  more  direct  radia- 
tors, set  exposed  in  the  usual  manner  are  also  provided  in  each 
room.  If  automatic  temperature  and  humidity  control  is  provided, 
this  system  has  one  great  advantage  in  operating  cost,  as  any  room 
in  the  building  may  be  ventilated  at  a  minimum  expenditure,  with- 
out operating  an  apparatus  designed  to  ventilate  the  entire  building. 
There  is,  however,  a  disadvantage  not  to  be  overlooked  in  that  the 
air  supplied  cannot  be  thoroughly  washed,  or  even  properly  screened 
due  to  lack  of  space. 

Experiments  have  been  and  are  now  being  made  to  reduce  the 
volume  of  air  required  per  capita  by  the  introduction  of  the  indi- 
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vicinal  pipe  or  outlet  method,  which  may  yet  be  found  to  meet  the 
requirements  of  a  standard,  by  delivering  and  directing  the  air  in 
both  volume  and  velocity  to  the  greater  benefit  and  comfort  of  the 
pupils.  With  this  method  comes  the  question,  are  we  far  enough 
advanced  in  the  standardizing  of  the  school  house  and  its  uses  to 
fixedly  locate  these  numerous  outlets  and  so  for  all  time  limit 
the  use  and  arrangement  of  the  rooms,  preventing  their  use  for 
other  purposes,  except  at  an  almost  prohibitive  cost  for  re-arrange- 
ment. 

There  are  localities  and  building  conditions  for  which  some  one 
of  the  mentioned  systems  of  heating  and  ventilating  may  be  selected, 
and  which,  if  properly  designed,  proportioned  and  equipped  with  the 
proven  mechanical  devices  for  air  conditioning,  temperature  regula- 
tion, etc.,  wall  give  maximum  success. 

And  now,  with  all  these  methods  before  us,  and  many  variations 
and  refinements  not  herein  considered,  what  is  the  standard — the 
model  for  which  we  search?  After  all  the  expenditure  of  care  and 
thought  and  the  cost  of  the  most  nearly  automatically  perfect  system 
yet  devised,  suppose  the  janitor  runs  the  fan  at  say  half  speed,  or 
in  mild  weather  not  at  all.  Where  then  is  our  great  feat  of  engineer- 
ing? Are  we  ready  for  any  one  method  as  a  standard — shall  we 
not  recognize  all  the  good  features  in  all  the  good  methods,  and 
design  what  is  best  adapted  to  the  particular  building? 

As  engineers  we  can  have  no  valid  defense,  should  we  be  guilty 
of  poor  design,  but  w^e  can' and  must  try  to  meet  the  wants  of  our 
client,  the  taxpayer,  and  by  all  means  in  our  power  prevent  a  recur- 
rence of  the  errors  of  the  past  and  keep  astride  of  the  successes 
of  the  present.  To  how  many  of  us  has  the  thought  occurred  that 
possibly  after  all  the  real  standard  is  the  nieasurement  of  results? 
The  desired  results  can  only  be  attained  by  everlasting  vigilance  on 
the  part  of  some  responsible  head,  to  see  that  the  apparatus  when 
properly  installed  is  operated  at  100  per  cent  efficiency. 

The  writer  has  in  mind  a  school  house  in  one  of  our  eastern  Penn-  ■ 
sylvania  towns  in  which  the  heating  apparatus  is  operated  with 
great  economy  and  gives  entire  satisfaction,  and,  with  little  merit 
from  an  engineering  view,  it  does  thoroughly  warm  and  ventilate 
this  compact  little  eight  room  building.  Why  the  success  ?  Constant 
attention  on  the  part  of  a  school  controller  and  steam  heating  con- 
tractor, who  had  an  idea  which  he  put  to  practical  use  in  this  build- 
ing, and  then  by  personal  daily  supervision  had  it  operated  to  suit 
him,  and  the  people  are  satisfied  with  what  they  claim  is  a  model 
system.  In  the  same  town  there  are  two  school  buildings  equipped 
wdth  "plenum"  systems,  which  neither  warm  nor  ventilate,  owing  no 
doubt  to  lack  of  personal  attention. 

To  further  exemplify  what  may  be  accomplished  by  personal 
supervision,  some  years  ago  the  writer  fell  heir  to  the  care  of  about 
700  hot  air  furnaces  which  were  unsatisfactory  as  a  heating  medium, 
and  justly  condemned  from  a  ventilating  point  of  view,  due  to  the 
continuous  and  great  amount  of  coal  gas  emitted,  notwithstanding 
a  $10,000  annual  allowance  for  repair  upkeep,  and  an  additional 


354  Transactions  of  Am.  Soc.  of  Heat.  &  Vent.  Engineers 

item  of  about  $1),000  per  annum  for  renewals.  At  that  period 
the  hfe  of  a  furnace  was  estimated  at  about  ^0  years,  and  the 
renewals  averaged  30  per  year.  By  proper  instructions  to  the 
janitors  as  to  the  operation  and  care  of  the  furnaces  (and  a  constant 
follow-up  system  during  the  heating  season  and  the  summer  months 
as  well),  the  repair  item  is  now  less  than  $4,000  per  annum,  and  the 
renewals  at  a  minimum.  During  the  past  five  years  not  one  new 
furnace  has  been  provided,  and  adding  the  fact  that  the  furnaces 
are  not  overheating  the  air,  and  do  not  give  out  coal  gas  due  to 
burned  and  leaking  bodies,  we  have  a  result  not  to  be  measured 
in  terms  of  dollars,  but  certainly  conducive  to  the  health  and  comfort 
of  the  pupils. 

Is  this  not  the  time  to  fall  in  line  with  fuel  economic  require- 
ments— and  is  not  the  public  school  the  ideal  place  in  which  to  recog- 
nize a  new  and  lower  standard  temperature  of  65  deg.  fahr.  for  the 
class  room  in  place  of  the  68  to  70  deg.,  as  is  now  the  almost  uni- 
versal practice?  This  can  be  successfully  accomplished  by  main- 
taining the  proper  per  cent  of  relative  humidity.  Should  this  latter, 
which  the  best  known  authorities  of  the  day  place  at  45  to  50  per 
cent,  not  also  be  a  standard?  Air  motion  must  be  observed  and 
directed,  as  it  has  been  demonstrated  that  where  there  is  a  precepti- 
ble  air  motion  a  higher  temperature  or  higher  humidity  must  be 
maintained  for  personal  comfort.  The  dust  content  can  and  should 
be  minimized  by  filtration  or  washing,  and  properly  oiling  the  floors, 
which  will  also  lower  the  bacteria  content.  There  has  been  much 
discussion  and  many  positive  decisions  rendered  by  the  most  able 
minds  of  our  time  to  the  effect  that  the  carbon  dioxide  content  in 
the  class  room  air  is  harmless.  I  accept  that;  but  advise  that  it 
be  kept  below  9  parts  in  10,000,  by  positively  delivering  the  required 
volume  of  fresh  air  per  capita.  AH  of  the  above  can  be  readily 
obtained  and  each  should  be  recognized  as  a  necessary  adjunct  to 
the  ventilation  of  the  standard  building. 

If  the  community  is  willing  to  accept  these  several  well  estab- 
lished principles,  which  unquestionably  redound  to  the  greatest  good 
to  the  largest  number,  then  a  standard  requirement  of,  let  us  say,  95 
per  cent  perfect,  should  be  embodied  in  the  specifications  for  heating 
and  ventilating  of  the  standard  school  house,  including  the  necessary 
tests  made  by  a  qualified  expert,  and  I  here  take  the  opportunity  of 
advocating  the  use  of  the  Synthetic  Air  Chart  for  determining  the 
percentage  of  perfect  ventilation,  as  originated  by  Dr.  E.  Vernon 
Hill,  Chief  of  the  Ventilating  Division  of  the  Chicago  Department 
of  Health.  This  is  undoubtedly  the  most  advanced  and  practical 
method  thus  far  produced,  wherein  temperature,  humidity,  air  mo- 
tion, dust,  bacteria,  odors,  air  supply  and  carbon  dioxide  content 
are  properly  grouped,  given  a  relative  value  and  plotted  to  deter- 
mine their  comparative  percentages  in  perfect  ventilation. 
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DISCUSSION 

H.  M.  Hart: — The  efficiency  of  the  apparatus  seems  to  be  very 
largely  dependent  upon  the  operating  engineers. 

P.  M.  O'Connell: — This  paper  mentions  the  different  ty[)es  of 
heating  systems  which  are  used  in  school  buildings.  I  have  often 
wondered  if  it  would  not  be  possible  for  us  to  cut  this  number 
down.  There  are  some  systems  being  installed  in  school  buildings 
which  do  not  appear  to  be  very  practical.  I  have  found  that  school 
boards  want  a  certain  kind  of  system  regardless  of  the  engineers' 
preferences.  We  have  passed  the  experimental  stage  and  have  had 
committees  test  different  kinds  of  heating  and  ventilating  systems 
and  the  results  have  been  published  but  no  decisions  have  been  made. 
Is  this  not  a  problem  for  the  Research  Bureau?  It  would  be  of 
great  assistance  to  the  heating  engineer  to  be  able  to  say  that  this 
Society  does  not  approve  of  certain  kinds  of  systems. 

The  President  : — I  think  it  is  the  desire  of  this  Society  to  encour- 
age the  elimination  of  unnecessary  types.  However,  some  of  the 
most  unpromising  apparatus  has  developed  into  very  useful  and 
commendable  apparatus,  so  that  it  is  rather  dangerous  ground 
upon  which  to  tread.  The  elimination  of  unnecessary  types  and  the 
able,  but  there  is  an  important  obverse  side,  of  which  we  must  not 
lose  sight. 

H.  M.  Hart: — The  Research  Bureau  can  help  out  on  this  ques- 
tion, by  establishing  the  standard  air  condition  that  is  desirable. 
Now  as  to  how  those  conditions  should  be  obtained  I  do  not  think 
we  care.  The  more  ways  there  are  of  obtaining  them  the  better  it 
would  be  for  the  public  in  general.  I  do  not  want  to  cut  down  the 
ingenuity  of  the  individual  engineer  but  there  is  a  need  for  stand- 
ardization or  the  establishment  of  the  most  desirable  air  conditions. 
However,  we  must  keep  away  from  methods  of  obtaining  them. 
This  Society  should  not  go  on  record  as  opposed  to  certain  meth- 
ods, providing  they  produce  the  desired  results.  If  that  were  the 
case,  in  a  factory  it  would  undoubtedly  develop  that  where  there  were 
few  people  in  a  large  cubical  content,  it  would  not  require  six 
changes  in  an  hour.  In  fact  we  know  it  is  not  necessary  for  good 
air  conditions  to  have  that.  So  if  the  subject  is  approached  from 
the  standpoint  of  the  conditions  it  is  necessary  to  maintain,  regard- 
less of  the  method,  it  will  simplify  the  problem.  Undoubtedly  the 
building  that  was  spoken  of  would  have  gone  ahead  if  dealt  with 
in  this  manner. 
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Frank  K.  Chew  : — Does  not  this  again  bring  us  back  to  the 
topic  of  i^ubhcity?  The  duty  of  each  individual  member  of  the 
Society  is  to  let  the  people  in  his  community  know  that  the  engi- 
neer has  as  much  valuable  information  to  give  as  the  physician ;  that 
he  can  save  them  more  money  and  can  give  them  more  comfort. 
His  opportunity  is  to  get  his  information  before  the  tvomen's  club, 
before  the  mothers'  association,  the  men's  club  of  the  church  or  the 
chamber  of  commerce. 


No.  532 

CAPACITIES  OF  REDUCING  VALVES  FOR  STEAM 
HEATING  SYSTEMS 

Bv  James  A.  Donnelly,  New  York,    N.  Y. 
Member 

THE  capacities  of  reducing  valves  may  be  considered  from 
two  viewpoints.  One,  that  they  should  not  be  greater  than 
that  of  the  inlet  and  outlet  pipes  to  supply  the  steam  and 
carry  it  away,  with  a  reasonable  or  standard  drop  in  pressure  per 
unit  of  length,  and  that  the  area  of  the  seats  should  be  suitable 
for  this  rated  capacity.  The  other  viewpoint  might  be  that  the 
area  of  the  seats  should  always  be  as  large  as  the  area  of  the  inlet 
pipe  and  that  the  sizes  of  the  supply  and  delivery  pipes_  should  be 
increased  to  correspond  to  the  maximum  capacity  of  the  valve  seats. 

The  latter  method  would  often  result  in  the  use  of  a  reducing 
valve  and  connecting  nipples  much  smaller  than  the  supply  and 
delivery  mains,  and  therefore  much  weaker  structurally,  from  a 
mechanical  standpoint.  This  would  result  in  a  design  that  is  liable 
to  rupture  from  expansion  strains  of  the  piping,  and  it  may,  there- 
fore, be  considered  better  engineering  practice  to  rate  the  valves 
at  the  capacity  of  the  inlet  and  outlet  pipes  and  consider  the  neces- 
sary size  of  the  seats  for  these  ratings. 

It  is  also  desirable  that  the  reducing  valves  and  the  sizes  of  the 
seats  be  so  proportioned  that  the  valves  will  have  as  large  a  lift 
as  practicable  in  order  that  wire  drawing  or  cutting  of  the  discs 
and  seats  may  be  avoided.  This  also  results  in  a  more  accurate 
regulation,  as  smaller  seats  are  easier  to  control. 

Reducing  valves  for  steam  heating  systems  are  usually  made  with 
the  pipe  size  of  the  outlet  double  that  of  the  inlet.  They  are  usually 
provided  with  double  seats  of  such  a  diameter  that  the  combined 
area  of  the  two  is  approximately  equal  to  the  area  of  the  inlet  pipe, 
although  some  have  but  a  single  seat,  usually  the  diameter  of  the 
inlet  pipe.  The  maximum  movement  of  the  discs  is  usually  designed 
for  one-quarter  the  diameter  of  the  seats,  thus  giving  full  area  of 
opening  of  the  valve,  but  it  is  doubtful  if  a  movement  as  great  as 
this  is  obtained  without  considerable  sacrifice  of  sensitiveness,  and 
it  will,  therefore,  probably  be  preferable  to  calculate  their  capacity 
on  a  maximum  movement  of  one-eighth  the  disc  diameter.     This 
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will  also  allow  a  reasonable  factor  of  safety  or  possibilit}^  of  over- 
load sufficient  for  starting  up  a  cold  plant. 

The  velocity  of  flow  of  steam  of  a  greater  pressure  into  an 
atmosphere  of  a  less  pressure,  increases  as  the  difference  of  pres- 
sure is  increased,  until  the  delivery  pressure  becomes  58  per  cent 
of  the  initial  pressure.  The  flow  does  not,  thereafter,  increase  by 
a  further  decrease  of  the  delivery  pressure,  and  increases  very  slowly 
by  a  greater  initial  pressure,  because  the  density  and  the  weight 
to  be  removed  increase  with  the  pressure. 

If  the  inlet  pressure  is  but  25  lb.  absolute,  or  10  lb.  gage  pres- 
sure, and  the  outlet  pressure  atmosphere,  the  condition  of  58  per 
cent  delivery  pressure  is  present  and  the  velocity  of  flow  through 
a  converging  nozzle  is  863  ft.  per  sec,  resulting  in  a  delivery  of 
approximately  23  lb.  per  minute  per  sq.  in.  area  of  orifice.  Tests 
by  the  author  on  fractional  valves  indicated  that  they  had  an  effi- 
ciency of  orifice  of  about  60  per  cent.  Applying  this  factor  would 
indicate  a  delivery  of  about  14  lb.  per  sq.  in.  area  of  orifice  per 
minute,  or  sufficient  steam  for  the  normal  supply  of  2,800  sq.  ft.  of 
radiation  with  a  reasonable  allowance  for  the  condensing  effect  of 
the  piping  system. 

In  the  following  table,  the  usual  sizes  of  reducing  valves  are 
rated  in  accordance  with  the  standard  rating  of  steam  mains,  cor- 
responding to  the  low  pressure  side  of  the  valve.  These  ratings 
divided  by  2,800  give  the  necessary  areas  through  the  valve  seats 
for  steam  at  10  lb.  gage  i)ressure  to  be  reduced  to  atmosphere. 


TABLE  1. 

RATINGS  FOR  THE  USUAL  SIZE  OF  REDUCING 

VALVES 

Usual 

Diameter 

Diameter 

Diameter 

Valve 

Seat 

Double 

Double 

Single 

Size,  in. 

Rating 

Area,  sq.  in. 

Seat,  in. 

Seat,  in. 

Seat,  in. 

1     x2 

300 

0.1 

% 

§•? 

% 

I%x2y2 

500 

0.18 

Mi 

% 

H 

IV2X3 

900 

0.32 

U 

li^ 

M 

2    x4 

2000 

0.71 

1. 

11/2 

1% 

2y2x5 

3600 

1.29 

Itk 

1% 

Ui 

3    x6 

6000 

2.14 

Ui 

21/8 

2% 

4    x8 

13000 

4.64 

2/s 

278 

3^^ 

5    xlO 

23000 

8.21 

3V4 

3% 

4i'g 

6    xl2 

37000 

13.2 

41/8 

4y4 

5% 

8    xl6 

78000 

27.9 

6. 

5% 

8% 

The  fourth  column  gives  the  required  diameter  for  double  seat 
valves,  while  the  fifth  column  gives  the  diameter  commonly  used. 
The  sixth  column  gives  the  required  diameter  for  single  seat  valves. 

It  will  be  seen  from  this  table,  that  the  area  of  seats  as  com- 
monly made  are  amply  large  even  at  the  unsually  low  initial  pres- 
sure of  10  lb.  The  necessary  area  of  seats  as  given  above  may  be 
divided  by  2  if  the  inlet  pressure  is  increased  to  35  lb.  gage;  by  3, 
if  increased  to  60  lb. ;  by  4,  if  increased  to  85  lb. 

The  friction  drop  for  the  high  pressure  supply  main  will  vary 
with  the  pressure  used,  but  it  may  be  said  to  average  approximately 
1  lb.  per  100  ft.  run,  with  the  pressures  in  ordinary  use. 
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DISCUSSION 

The  Author: — For  a  number  of  years  I  have  been  doing  more 
or  less  mathematical  research  work  in  regard  to  various  sizes  of 
steam  mains  and  return  mains  and  wet  returns  and  dry  returns. 
One  of  the  subjects  upon  which  I  have  been  engaged  is  the  capacities 
of  reducing  valves. 

The  maintenance  of  orifices  through  thoroughfare  valves  are  used 
in  a  great  many  ways  in  heating,  and  one  of  the  primary  ways  is 
the  reducing  valve.  Some  of  them  are  automatic  reducing  valves, 
regulating  valves,  many  of  them  are  hand  operated  valves.  There 
is  a  tremendous  number  of  them  in  use.  I  have  made  some  inquiry 
as  to  whether  the  coefficient  of  flow  and  amount  of  flow  have  been 
so  well  established  through  orifices  in  thin  plates  and  orifices  with 
rounded  entrances,  similar  to  those  used  in  steam  flow  meters,  as 
have  been  calculated  for  globe  valves. 

The  formula  and  tables  of  flow  where  the  terminal  pressure  is 
at  least  58  per  cent  of  the  initial  pressure,  gave  a  very  simple  for- 
mula, and  from  that  and  from  the  standard  tables  I  took  the  amount 
of  flow  as  a  basis  for  figuring  what  would  go  through  the  reducing 
valve.  Skipping  the  preliminary  part  of  it,  I  have  confined  this 
discussion  to  reducing  valves  for  steam  heating  systems.  They 
are  usually  made  as  per  Table  1  which  gives  the  diameter  of  the 
outlet  or  pipe  size  of  the  outlet  twice  that  of  the  inlet  size.  Just 
how  this  came  about,  unless  by  rule-of-thumb,  I  don't  know,  though 
it  is  common  practice. 

Now  we  find  that  if  the  inlet  pressure  is  t)nly  as  high  as  25  lb. 
absolute,  or  10  lb.  gage  pressure,  the  condition  of  58  per  cent  deliv- 
ery pressure  is  present  and  there  is  practically  a  constant  flow, 
the  additional  flow  coming  from  the  increase  of  density  on  the 
inlet  side.  The  factor  is  easily  figured  out  from  that.  The  result 
shows  that  this  square  inch  in  area  of  orifice  will  supply  enough 
steam  for  2,800  ft.  of  direct  radiation,  with  a  reasonable  allowance 
for  the  condensing  effect  of  the  piping  system.  That  is  figuring 
the  full  capacity  of  the  mains  for  3/10  lb.  of  steam  per  sq.  ft.  of 
heating  surface.  If  you  have  a  more  or  less  effective  radiating 
surface  you  can  make  corresponding  corrections.  Direct-indirect  or 
hot  blast  can  be  brought  to  that  equivalent,  with  that  surface  rating. 

There  might  be  two  ways  of  considering  the  use  of  the  reducing 
valve,  that  is  the  view-points  of  the  designer  or  user,  perhaps,  or 
the  contractor.  The  owner  of  the  plant  is  certainly  most  vitally  in- 
terested in  accurate  regulation.  From  time  to  time  the  contractor 
may  be  interested  in  getting  a  reducing  valve  of  a  little  smaller  size 
and  a  little  lower  price,  which  has  its  effect.  However,  if  a  reducing 
valve  is  made  of  one  certain  kind  of  cast-iron,  taking  a  4x8  reducing 
valve  and  reducing  the  seat  diameters  through  it,  the  brass  work- 
would  be  a  little  less  and  the  machine  work  would  be  about  the 
same,  but  the  regulating  eff'ect  of  the  valve  would  be  improved.  In 
the  first  place,  there  would  be  a  larger  proportion  of  diaphragm  to 


360  Transactions  of  Am.  Soc.  of  Heat.  &  Vent.  Engineers 

seat  area  of  valve  than  if  a  smaller  valve  were  used  and  better  regu- 
lation might  also  be  expected.  This  might  not  apply  to  all  pilot- 
operated  valves  but  it  certainly  applies  to  the  direct-acting  valve. 

Again,  the  sizes  of  pipe  would  seem  more  in  proportion  for 
strength.  Of  course  it  is  possible  to  take  a  3  in.  valve,  rig  a  4  in. 
supply  to  it  and  take  a  6  in.  discharge  away  from  it.  But  if  the  2 
in.  connections  are  made  long  enough  to  give  spring  so  that  expan- 
sion and  contraction  will  not  bring  strains  and  danger  of  rupture, 
the  limiting  point  in  the  flow  may  be  the  combination  of  a  s'mall 
sized  pipe  and  a  small  sized  valve,  so  that  the  seats  do  not  regu- 
late the  drop  in  pressure  or  regulate  the  flow  as  would  be  the  case 
if  the  body  itself  were  larger. 

An  interesting  comparison  between  reducing  valves  and  steam 
traps  is  that  in  selling  a  steam  trap  for  a  higher  pressure  the 
dealer  sells  the  same  size  trap  but  a  smaller  size  seat.  I  have  here 
the  seats  from  two  steam  traps  or  from  the  same  1  in.  steam  trap, 
and  they  are  marked  with  the  pressures  for  which  they  are  intended. 
This  one,  which  is  ^  in.  in  diameter,  is  for  30  lb.  and  this  other 
one,  which  is  yg  in.  diameter,  is  for  200  lb.  It  is  peculiar  that  they 
do  not  follow  the  same  practice  in  reducing  valves.  In  selling  a 
valve  for  reducing  pressure  they  do  not  usually  sell  a  smaller  seat. 
Some  manufacturers  do  vary  the  seat  considerably  and  others  give 
the  same  size  seat  but  a  smaller  valve.  I  urge  that  we  will  get 
better  regulation,  a  better  all-around  design  of  valve,  by  following 
the  steam  trap  practice.  A  large  seat  in  a  reducing  valve  may  work 
indifferently  well  but  it  gets  by. 

The  table  gives  the  area  in  the  third  column,  which  is  obtained 
by  dividing  the  rating  surface  by  2,800,  and  gives  the  inlet  area 
in  square  inches  of  seat  necessary  for  10  lb.  gage  pressure  on  the 
inlet  side.  Supposing  atmosphere  on  the  outside,  that  is  about  the 
severest  duty  that  a  reducing  valve  could  perform  because  as  the 
inlet  pressure  is  increased,  naturally  more  steam  is  delivered. 

Under  this  use  and  construction  of  valves,  the  sizes  of  the  seats 
are  just  about  right,  a  little  larger  than  necessary  in  smaller  sizes 
and  just  about  as  large  as  necessary  in  the  larger  sizes.  When  the 
inlet  pressure  is  increased  to  35  lb.  gage,  the  necessary  area  can  be 
divided  through  the  seat  by  2,  and  every  time  25  lb.  pressure  is 
added  to  the  inlet  pressure  the  numeral  1  may  be  added  to  the 
divisor.  Thus  it  figures  out  that  with  85  lb.,  which  is  not  a  very 
high  inlet  pressure  to  atmosphere  on  the  outlet  side,  the  required 
area  may  be  divided  by  4.  Naturally,  dividing  the  required  area  by  4 
will  divide  the  diameter  of  the  seat  by  2. 

Taking  a  4  x  8  valve  as  an  example,  the  area  required  for  the 
seat  would  be  4.64  sq.  in.,  or  two  double  seats,  each  approximately 
2-7/16  in.  in  diameter.  Using  85  lb.  inlet  pressure  those  double 
seats  can  be  used  just  half  that  diameter,  or  approximately  lj4  i"- 

It  is  readily  seen  that  very  much  better  regulation  should  be 
secured  by  two  1%  in.  seats  with  the  same  diameter  of  diaphragm 
control  than  with  seats  four  times  the  area.     Of  course  there  is 
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always  a  little  unbalanced  area  in  double  seat  valves,  so  that  one 
acts  different  from  the  other. 

The  conclusion  might  be  drawn  from  this  paper  that  reducing 
valves  are  made  correctly,  but  from  the  data  given  here — and  I  do 
not  know  that  it  has  been  published  in  this  country  before — it 
appears  that  capacities  in  reducing  valves  are  given,  but  not  the 
reason  for  the  capacity.  It  might  be  possible  to  investigate  the 
subject  of  the  diameter  of  seat  for  different  sizes  of  valves  in 
order  to  secure  not  only  better  control,  better  customer  service  under 
widely  varying  heating  load — and  the  heating  load  is  the  varying 
load — but  also  perhaps  longer  life  of  valve  and  a  lower  repair  bill. 

The  required  area  is,  I  believe,  figured  out  in  a  very  conservative 
way.  I  have  taken  only  %  of  the  seat  diameter  lift  in  all  cases, 
whether  of  double  or  of  single  seated  valves,  rather  than  34  of  the 
diameter  lift.  I  asked  some  of  the  manufacturers  whether  they 
did  not  think  that  some  sacrifice  of  sensitiveness  was  made  in  getting 
the  maximum  amount  of  lift  of  discs  of  %  diameter,  and  they  agreed 
that  it  might  be  and  that  it  was  especially  hard  in  large  sizes. 

Figuring  only  }i  diameter  lift  gives  a  factor  of  safety,  as  the 
valve  might  be  open  more  than  that  on  the  starting  up  load. 

J.  H.  Walker: — The  reducing  valve  is  a  very  important  piece 
of  apparatus  to  the  central  heating  company.  In  the  early  days 
when  exhaust  steam  was  used,  reducing  valves  were  sometimes 
omitted,  or  if  they  were  installed  their  operation  was  not  particu- 
larly important.  Nowadays  when  we  carry  20  to  30  lb.  pressure 
on  our  street  lines  and  talk  about  pressures  from  50  to  100  lb., 
it  becomes  very  important  to  have  a  reliable  reducing  valve,  and  it  is 
not  too  much  to  say  that  the  successful  distribution  of  high  pressure 
steam  depends  upon  the  further  development  of  reducing  valves. 

I  am  inclined  to  favor  the  idea  of  small  diameter  and  high  lift; 
but  in  this  connection  it  should  be  remembered  that  the  reducing 
valve  does  not  maintain  an  absolutely  constant  pressure.  You  must 
have  a  very  definite  governing  characteristic  in  a  reducing  valve  as 
in  the  steam  turbine  governor  or  any  other  governor,  that  is,  the 
pressure  must  decrease  somewhat  with  increasing  steam  flows.  This 
is  absolutely  necessary  for  the  operation  of  the  valve.  The  matter 
of  this  regulating  characteristic  deserves  much  more  attention  than 
has  ever  been  given  it. 

D.  S.  BoYDEN : — The  thing  that  is  brought  to  my  attention  very 
forcibly  is  the  fact  that  we  have  been  too  liberal  in  the  factor  of 
safety  for  reducing  valves,  obliging  them  to  .operate  for  long  periods 
at  the  unstable  point.  Further  when  large  demands  for  steam 
infrequently  occur  it  may  cause  sticking  valves. 

I  think  that  this  Society  should  very  properly  try  to  bring  before 
the  manufacturer  the  question  of  reducing  valve  design  with  areas 
recognizing  high  pressures,  as  suggested  by  Mr.  Donnelly.    • 

H.  M.  Hart: — It  has  been  an  old  custom  in  designing  heating 
systems  utilizing  exhaust  steam  for  heating,  to  make  the  inlet  side 
of  reducing  valves  half  the  size  of  the  low  pressure  steam  flow 
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main.  How  or  why  they  arrived  at  that  I  have  never  been  able  to 
find  out,  but  we  have  encountered  a  great  many  snags  due  to  that 
old  existing  evil.  Where  the  reducing  valve  is  simply  utilized  for 
makeup  steam  purposes,  a  reducing  valve  with  the  inlet  half  the 
size  of  the  low  pressure  heating  main  is  many  times  too  large  and 
causes  unsatisfactory  operating  results.  We  have  advocated  twin 
valves,  in  other  words,  two  small  sized  valves  side  by  side,  to  meet 
the  varying  load  which  the  heating  requirement  demands. 

The  load  on  the  heating  system  will  vary  from  10  per  cent  to  100 
per  cent  of  the  requirements  and  the  reducing  valve  accordingly. 
I  do  not  believe  that  a  reducing  valve  has  yet  been  designed  that 
will  meet  such  a  broad  requirement. 

I  have  in  mind  an  installation  where  the  heating  main  was  12  in. 
and  the  engineer  who  laid  out  the  system  insisted  on  a  6  in.  reducing 
valve.  We  put  in  a  6  in.  reducing  valve  and  alongside  of  it  a  3  in. 
reducing  valve.  Both  valves  were  bypassed  and  the  engineer  told 
me  a  year  ago  last  summer,  after  we  had  that  very  severe  winter, 
that  he  had  never  put  in  use  the  6  in.  valve ;  the  2  in.  reducing 
valve  had  always  been  adequate  for  makeup  purposes. 

I  do  not  know  much  about  valve  design  but  I  never  could  see 
the  reason  for  ever  buying  a  valve  with  an  expanded  outlet,  neces- 
sitating a  large  valve  on  the  outlet  side.  It  always  seemed  to  me  a 
needless  expense.  The  operation  of  the  valve  has  to  be  governed 
through  the  pressure  in  the  low  pressure  main  after  it  has  become 
more  or  less  equalized  and  therefore  the  pipe  leading  from  the 
low  pressure  main  to  the  diaphragm  of  the  reducing  valve  has  to 
be  connected  some  distance  away  from  the  point  at  which  the  makeup 
steam  is  admitted.  Therefore  I  can  see  no  objection  to  using  a 
straight  reducing  valve  connected  into  the  low  pressure  header. 

C.  R.  Ammerman  : — I  had  a  very  interesting  experience  with 
reducing  valves  at  Camp  Custer.  I  was  there  for  a  year  in  charge 
of  the  heating  plants.  Reducing  valves  were  put  in  to  supply  low 
pressure  mains.  At  the  base  hospital  plant  there  were  8  and  10  in. 
mains.  Reducing  valves  were  put  in,  10  in.  in  size  with  a  5  in. 
bypass,  or  8  in.  in  size  having  a  4  in.  bypass.  We  never  had  any 
satisfactory  operation  from  them.  In  fact  we  did  not  use  them. 
We  shut  ofif  the  main  line  and  simply  supplied  steam  through  the 
bypass  by  throttling  the  valves.  We  later  took  the  pressure  reducing 
valves  out  and  put  in  new  reducing  valves  of  the  size  of  the  bypass, 
putting  them  in  the  bypass  in  the  most  convenient  place.  We 
secured  very  satisfactory  operation  after  that. 

With  reference  to  the -outlet  twice  the  size  of  the  inlet,  we  have 
made  a  practice  of  determining  our  pipe  sizes,  both  the  high  pressure 
and  the  low  pressure,  and  specifying  the  valves  accordingly  and 
have  been  able  to  get  them  built  that  way,  with  the  seats  designed 
for  the  proper  drop  in  pressure. 

Mr.  Freshee  : — In  this  discussion  of  reducing  valves  I  would  like 
to  know  what  the  initial  pressure  is  on  the  high  pressure  side  or  on 
the  low  pressure  side  relative  to  the  size  of  the  reducing  valve ; 
whether  we  are  speaking  about  high  pressure  reducing  valves  on  the 
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street  main  or  in  the  consumer's  premises.  I  think  if  we  get  the 
initial  pressure  on  the  high  side  or  the  low  side  it  will  det'^rmine 
the  relative  size  of  the  orifice  or  the  size  in  the  reducing  valve. 

J.  H.  Walker: — I  just  want  to  say  a  word  in  defense  of  the 
practice  of  having  the  outlet  diameter  of  a  reducing  valve  twice  the 
inlet  diameter.  The  selection  of  this  ratio  of  sizes  was  entirely 
arbitrary,  but  it  fits  in  fairly  well  with  di^rict  heating  practice. 

The  size  of  a  service  pipe  to  a  building  is  based  upon  entirely 
difterent  considerations  from  the  size  of  the  mains  in  the  building. 
The  service  pipe  carries  higher  pressure  steam  and  the  velocities 
and  pressure  drops  ordinarily  allowed  are  very  much  greater,  so 
that  the  diameter  of  the  service  pipe  very  frequently  happens  to  be 
about  half  the  diameter  of  the  main  in  the  building. 

Checking  very  roughly  the  capacities  in  Mr.  Donnelly's  table,  the 
sizes  of  the  service  pipes  as  we  select  them  in  Detroit  w'ould  be 
approximately  the  same  as  the  inlet  sizes  of  the  various  valves  in 
the  table. 

J.  C.  Matchett^  : — May  I  ask  what  the  sizes  were  on  the  high 
and  low  pressure  side  at  Camp  Custer? 

C.  R.  Ammerman  : — The  pressure  was  DO  lb.,  and  there  was  a 
varying  reduction.  Some  of  our  valvts  reduced  to  5  lb.  and  some 
to  20.1b.,  but  averaged  about  L")  lb. 

The  Author: — Answering  Mr.  Freshee,  the  paper  states  that 
as  the  inlet  pressure  increases,  a  different  factor  may  be  used  for 
the  necessary  areas  of  the  seat.  In  connection  with  the  point 
brought  up  by  Mr.  Hart  and  Mr.  Walker,  there  must  again  be 
considered  the  analogy  of  this  to  other  devices,  perhaps  pump  gov- 
ernors, engine  governors,  and  all  those  means  of  throttling  and  con- 
trol found  where  exact  operation  is  necessary,  in  which  large  valve 
bodies  and  small  seats,  large  weights  and  large  members  of  inertia 
are  controlled  by  very  small  devices,  and  this  has  not  been  applied 
to  reducing  valves.  The  thing  is  to  get  the  control  at  the  point  where 
it  is  desirable  to  control  it.  In  engine  governors,  fan  governors, 
pump  governors,  the  balanced  valve  governors  and  the  balanced 
valves  sold  for  general  use,  the  thoroughfare  through  the  seat  will 
be  a  great  deal  smaller  than  the  thoroughfare  through  the  pipe. 

In  an  injector,  a  2  in.  steam  hne  at  100  lb.  can  be  connected  with 
a  2  in.  water  main  at  100  lb.,  and  they  will  flow  through  a  y^  in. 
opening  and  get  up  a  tremendous  velocity,  but  they  change  to 
pressure  head  on  the  other  side.  Some  one  will  come  along  and 
say:  "Well,  there  is  a  }i  in.  orifice  there  on  the 'injector.  Why  not 
a  ^  in.  pipe  connection  ?"  We  do  know  it  takes  a  2  in.  pipe  con- 
nection. Again,  there  must  be  a  very  low  drop  in  steam  pressure 
to  the  injector,  a  very  low  drop  in  water  friction  from  the  injector 
to  the  boiler.  With  all  of  the  devices  of  control  that  are  used, 
the  steam  reducing  valve,  more  than  almo.st  any  other,  has  clung  to 
the  large  seat. 
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A  water  reducing  valve  is  more  apt  to  have  a  smaller  seat.  I  do 
not  know  much  about  gas  reducing  valves,  but  the  gas  distribution 
through  our  cities  with  the  low  pressures  used  ought  to  wake  the 
steam  men  up.  They  use,  I  believe,  not  more  than  3,  4  or  6  in. 
of  water  column  pressure  on  the  gas  for  miles  through  the  street. 
After  adjusting  a  gas  radiator,  it  is  not  necessary  to  go  back  and 
readjust  it  very  soon,  yet  some  manufacturers  of  valves  and  radi- 
ators say  steam  pressures  cannot  be  so  well  controlled.  We  are 
indicting  ourselves.  In  this  study  of  control  of  pressure  let  us 
outline  the  problem  we  are  trying  to  solve  and  then  make  the  appa- 
ratus to  fit  the  problem.  We  in  the  heating  business  have  been 
rather  prone  to  make  the  boiler  or  the  radiator  or  the  device  and 
find  out  afterwards  whether  it  works. 

The  low  conduit  drop  or  low  conveyance  drop  through  the  main, 
and  then  the  high  drop  through  the  orifice,  is  to  be  recommended. 

The  drop  through  the  inlet  main  with  the  pressures  in  average 
use  would  be  about  1  lb.  to  100  ft.  in  straight  pipe,  which  about 
doubles  with  the  friction  of  valves,  elbows,  etc.,  the  drop  in  pressure 
on  the  outlet  side  being  in  conformity  with  the  standard  of  1  oz. 
to  the  100  ft. 
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INDUSTRIAL  USES  OF  SUPERHEATED  STEAM 

By  Alexander  Bradley\  New  York,  N.  Y. 
Non-Member 

IN  1?05  Denys  Papin,  the  French  physicist,  made  what  was  prob- 
ably the  first  appHcation  of  superheated  steam.  By  placing  a 
mass  of  heated  metal  in  a  recess  of  the  piston,  on  the  steam 
side,  of  Dr.  Savery's  engine,  or  pump,  he  reduced  the  condensation 
in  the  working  steam  and  produced  what  was  in  effect  a  super- 
heater. A  certain  Capt.  IMacGregor  in  Cornwall,  England,  in  1828, 
built  a  brick  jacket  around  the  cylinder  and  the  steam  pipe  of  his 
pumping  engine;  he  left  a  space  or  flue  betw-een  the  brick  and  the 
metal  and  by  maintaining  a  fire  in  this  space  he  reduced  the  steam 
consumption  of  his  engine  to  a  remarkable  extent. 

Up  until  about  18T0  engineers  took  great  interest  in  superheated 
steam.  Ericson,  Hirn  and  Isherwood  conducted  many  experiments, 
securing  excellent  results.  During  this  period,  most  of  the  super- 
heaters were  installed  in  connection  with  marine  boilers. 

However,  about  this  time  vast  improvements  in  the  steam  engine 
ivere  introduced — namely  compounding,  condensing,  improved  valve 
gears  and  last  but  not  least  higher  steam  pressures.  These  im- 
provements together  with  the  troubles  encountered  in  stuffing  boxes, 
gaskets  and  lubrication  on  superheated  steam,  tended  to  limit  its 
use  for  a  number  of  years.  In  1874  Dr.  Kirk  introduced  the  triple 
expansion  engine  and  it  soon  became  the  standard  type  of  marine 
engine.  The  steam  pressure  was  still  further  increased  and  conse- 
quently the  temperature,  thus  militating  against  superheating  under 
the  then  existing  conditions. 

Hirn  continued  his  experiments  and  in  1892  in  a  series  of  tests 
show^ed  a  saving  in  fuel  of  20  per  cent  with  the  superheater  installed 
within  the  boiler  setting.  He  superheated  the  steam  to  from  86  to 
113  deg.  fahr.  His  successors,  Schwoerer,  Schroter  and  Schmidt 
made  rapid  strides  in  again  bringing  superheating  into  use.  In 
1895  Schmidt  built  a  boiler  and  engine  for  use  with  superheated 
steam  and  Prof.  Schroter's  tests  showed  that  it  developed  an  indi- 
cated horsepow-er  upon  10.4  lb.  of  steam  per  hour,  or  about  1.3  lb. 
of  coal.    The  steam  pressure  was  156  lb.  and  the  superheat  189  deg. 

This  was  a  remarkable  performance,  especially  as  the  engine  was 
of  only  75  h.p.  Soon  after  the  reports  of  this  and  other  tests  were 
published,   interest   in   superheating  rapidly   revived,   especially  in 

1  Power  Specialty   Company,   111   Broadway,  New  York,   N.  Y. 
Paper  presented  at  the   Semi-Annual  Meeting  of  The  American  Society  of  Heating 
AND  Ventilating   Engineers,    Pittsburgh,   Pa.,  June,    1919. 
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Europe.  Lubricating  oils,  packings  and  gaskets  were  brought  out 
which  gave  perfect  satisfaction  on  superheated  steam.  During  the 
last  10  years  pressures  have  been  steadily  increasing,  as  has  also 
the  amount  of  superheating,  resulting  in  higher  final  temperatures. 

At  about  600  deg.  fahr.  cast-iron  fittings  and  valves  when  used 
on  superheated  steam  at  the  present  high  pressures,  are  apt  to 
"grow"  or  expand,  and  then  take  a  permanent  set.  At  somewhat 
higher  temperatures,  the  cast  iron  commences  to  lose  its  strength 
and  becomes  in  time  unable  to  withstand  the  pressure.  Much  appar- 
ently conflicting  evidence  has  been  submitted  upon  this  subject. 
After  an  experience  of  15  years  with  superheaters  and  superheating, 
the  truth  appears  to  be  that  cast  iron  fittings  and  valves  give  good 
service  on  superheated  steam  at  500  to  550  deg.  fahr.  if  built  in 
the  first  place  of  good  grey  iron  and  of  the  proper  strength  to  carry 
the  pressure.  If,  however,  a  superheater  is  employed  which  gives 
wide  fluctuations  in  the  degree  of  superheat,  the  cast  iron  will 
"grow"  and  become  "fatigued"  in  time. 

There  are  many  plants  which  have  been  in  operation  for  10  years 
or  so,  where  the  cast  iron  fittings  and  valves  are  still  giving  good 
service,  and  that  wath  pressures,  up  to  175  lb.  and  superheating  up 
to  a  final  temperature  of  525  to  550  deg.  fahr.  Up  until  the  last 
few  years,  cast  iron  has  been  the  only  metal  used  for  this  purpose 
in  Europe,  where  they  employ  higher  pressures  and  higher  super- 
heat then  we  do  in  this  country,  though  it  should  be  stated  that  they 
claim  to  be  able  to  produce  a  much  better  grade  of  cast  iron  than 
is  made  here. 

Steam,  at  any  given  pressure,  is  said  to  be  saturated  so  long  as 
it  remains  in  contact  with  the  water  from  which  it  is  evaporated. 
If  it  is  now  separated  from  the  water  and  more  heat  added  to  it, 
its  temperature  increases,  it  becomes  practically  a  perfect  gas  and 
is  said  to  be  superheated. 

The  specific  heat  of  superheated  steam,  that  is  the  heat  required 
to  raise  1  lb.  1  deg.  varies  with  the  pressure  and  also  with  the  tem- 
perature ;  it  increases  with  the  pressure  but  decreases  as  the  tem- 
perature becomes  higher.  At  50  lb.  absolute  pressure,  the  specific 
heat  is  0.498  for  100  deg.  superheat,  and  0.491  for  200  deg.  super- 
heat; while  at  250  lb.  absolute  pressure  it  is  0.615  for  100  deg. 
superheat,  and  0.562  for  200  deg.  superheat. 

Being  practically  a  perfect  gas,  superheated  steam  follows  the 
laws  of  gases,  its  volume  increasing  with  the  increase  in  tempera- 
ture, and  in  direct  proportion  to  the  absolute  temperature.  As  an 
example  of  this  characteristic,  saturated  steam  at  150  lb.  pressure 
and  an  absolute  temperature  of  826  deg.  has  a  volume  of  2.75  cu. 
ft.  per  pound.  If  this  steam  is  superheated  100  deg.  the  absolute 
temperature  increases  to  926  deg.  while  the  volume  increases  to 
3.08  cu.  ft., — an  increase  in  volume  of  12  per  cent.  The  heat  added 
has  been  that  amount  which  is  necessary  to  raise  the  temperature 
100  deg.,  and  as  the  specific  heat  of  superheated  steam  at  150  lb. 
pressure  and  100  deg.  superheat  is  0.566,  this  amount  is  56.6  B.t.u. 
The  total  heat  of  saturated  steam  at  150  lb.  pressure  is  1227  B.t.u. 
above  zero,  hence  the  12  per  cent  increase  in  volume  has  been 
obtained  by  increasing  the  total  heat  by  only  4.6  per  cent. 
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Steam  at  any  pressure  can  be  superheated,  and  so  long  as  it 
remains  in  connection  with  the  source  of  supply  of  saturated  steam, 
the  pressure  will  not  increase.  As  this  is  the  usual  operating  con- 
dition, it  may  be  stated  that  superheating  steam  does  not  increase 
its  pressure. 

The  following  example  will  serve  to  show  how  superheating  re- 
duces the  steam  consumption  of  an  engine :  In  a  certain  engine 
(Schmidt)  it  was  found  that  for  each  1  per  cent  of  wetness,  or 
steam  condensed  at  the  point  of  cut-off,  when  using  saturated 
steam,  it  required  7.5  deg.  superheat  in  the  entering  steam  to  pre- 
vent condensation  up  to  that  point.     Thus,  in  case  25  per  cent  of 
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FIG.  1.     RELATION  OF  SUPERHEAT  TO  ECONOMY  FOR  A  400  K.W, 
WESTINGHOUSE  PARSONS  TURBINE 


the  saturated  steam  condensed  at  cut-off,  there  would  be  required 
7.5  deg.  X  25  =:  187.5  deg.  of  superheat  in  order  for  it  to  be  dry 
at  that  stage.  Suppose  then  it  takes  a  pound  of  steam  to  fill  this 
cylinder  at  cut-oft",  which  would  require  for  its  production  1000 
B.t.u. ;  in  the  first  case  since  25  per  cent  condensation  took  place, 
a  total  of  1  1/3  lb.  was  admitted,  to  produce  which  takes  1333 
B.t.u. ;  in  the  second  case  in  addition  to  the  1000  B.t.u.  to  produce 
the  steam  sufficient  heat  must  be  added  to  superheat  it  187.5  deg. 
and  taking  the  specific  heat  at  0.48,  90  B.t.u.  additional  are  required. 
Since  the  work  performed  can  be  said  to  be  the  same  in  both 
cases,  the  heat  required  is  1333  B.t.u.  in  the  first  case  and  1090 
B.t.u.  in  the  second,  or  a  saving  of  18.25  per  cent  of  the  steam  by 
superheating.  Thus  in  an  engine,  superheating  saves  by  reducing 
condensation  of  the  steam  and  loss  by  radiation  through  the  cylinder 
walls.     On  turbines   superheated   steam   shows   a   decided   saving, 
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reduces  the  wear  of  the  blading  to  a  minimum,  and  increases  the 
capacity  in  horsepower. 

Fig.  1  gives  the  relation  of  superheat  to  economy  on  a  400  k.w. 
Westinghouse  turbine,  Fig.  2  is  interesting  in  that  it  shows  the 
saving  made  in  a  turbine  by  a  vacuum  up  to  28  in.  and  by  super- 
heating up  to  150  deg. 
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FIG.  2.     EFFECT  OF  VACUUM  AND  SUPERHEAT  ON 

STEAM    CONSUMPTION   OF   A    1500   K.W. 

TURBINE  AT  FULL  LOAD. 
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FIG.  3.     EFFECT  OF  SUPERHEATED  STEAM  IN  REDUC- 
TION OF  STEAM  CONSUMPTION  OF  12,500  K.W. 
WESTINGHOUSE  TURBINE. 


In  both  engines  and  turbines,  however,  the  guarantees  of  the 
builders  and  the  basis  of  comparisons  are  upon  dry  saturated  steam 
upon  one  hand  and  superheated  steam  upon  the  other.  As  a  mat- 
ter of  fact  saturated  steam  always  carries  water  in  actual  practice ; 
generally  it  is  found  to  be  what  is  termed  commercially  dry  and 
contains  about  2  per  cent  of  water.  For  each  1  per  cent  of 
water  the  builder  demands  a  correction  in  his  saturated  steam 
consumption  of  2  per  cent.     Any  reputable  builder  of  turbines  or 
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engines  will  today  guarantee  10  per  cent  of  steam  saving  if  given 
100  deg.  superheat  as  compared  with  dry  saturated  steam.  There- 
fore, as  there  are  in  practice  3  per  cent  water,  1  per  cent  are  gained 
by  eliminating  the   water  which,   plus   10   per  cent  equals   14  per 
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FIG.  4.     DIAGRAM  SHOWING  STEAM  AND  FUEL  SAV- 
INGS DUE  TO  SUPERHEAT  IN  STEAM 
TURBINES. 
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cent,  the  actual  steam  saving  with  100  deg.  superheat  as  compared 
with  every  day  saturated  steam. 

Fig.  3  illustrates  quite  clearly  the  reduction  in  steam  consump- 
tion by  using  superheat  in  a  12,500  k.w.  Westinghouse  turbine  at 
200  lb.  steam  pressure  and  28  in.  of  vacuum.  It  should  be  noted 
that  the  saturated  steam  points  are  on  the  dry  saturated  steam  line. 
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Back  of  this  line  where  there  would  l)e  moisture  in  the  steam,  the 
curves  would  ascend  quite  abruptly  so  that  the  difference  in  steam 
consumption  per  k.w.-hour  between  saturated  steam  with  say  2  per' 
cent  of  water  and  superheated  steam  with  say  100  deg.  superheat 
would  add  at  least  4  per  cent  in  the  saving  shown  between  dry 
saturated  steam  and  100  deg.  superheat,  on  this  chart.  It  will  be 
noted  that  after  about  100  deg.  of  superheat  have  been  reached, 
the  curves  tend  to  ease  oft"  slightly,  which  bears  out  actual  practice, 
that  is  to  say,  the  greatest  saving  is  accomplished  by  the  elimination 
of  the  water  and  the  first  100  deg.  of  sui3erheat. 

Fig.  -i  shows  some  curves  worked  out  to  illustrate  the  saving  in 
both  steam  and  fuel  by  superheating — when  the  saturated  steam  is 
dry  as  well  as  when  it  carries  1  per  cent  water. 

Experience  with  several  hundred  engines  of  the  Corliss  and  slide 
valve  tvpes  indicates  that  with  steam  pressure  up  to  175  lb.  it  is 
practical  and  very  beneficial  to  superheat  the  steam  up  to  a  final 
temperature  of  475  to  500  deg.  fahr.,  which  generally  means  that 
there  will  be  a  temperature  in  the  steam  at  the  throttle  of  the  engine 
of  from  450  to  475  deg.  Piston  valve  and  poppet  valve  engines 
admit  of  carrying  the  superheat  much  higher  and  with,  good 
economy,  although  it  is  generally  found  that  the  first  75  to  100 
deg.  of  superheat  effects  a  greater  economy  than  any  succeeding  like 
amount. 

In  a  general  way  it  may  be  stated  that  the  saving  in  steam  and 
in  fuel  by  using  superheated  steam  on  reciprocating  engines,  pumps 
and  compressors,  is  as  follows;  assuming  100  deg.  superheat  as  the 
amount  most  frequently  used: — 

Steam  Fuel 

Saving,  Saving, 

per  cent  per  cent 

Simple  engines  and  compressors  18  13.5 

Compound  engines  and  compressors   14  10.5 

Triple  engines  and  compressors  12  9 

Simple  direct  acting  pumps  22  16.5 

Compound  direct  acting  pumps  18  13.5 

Triple  direct  acting  pumps   16  12 

A  few  years  ago  a  comparative  test  was  run  by  the  engineers 
of  the  U.  S.  Steel  Corporation  at  one  of  its  plants  in  order  to  ascer- 
tain what  saving  could  be  made  in  the  steam  consumption  of  a 
large  Allis-Chalmers  cross  compound  blowing  engine.  Fig.  5  gives 
the  results  obtained,  in  the  form  of  two  curves,  the  upper  curve 
showing  the  consumption  on  saturated  steam,  while  the  lower  curve 
shows  the  consumption  on  superheated  steam.  These  give  an  aver- 
age saving  of  13.33  per  cent  with  113  deg.  superheat,  and  this  too 
upon  a  very  economical  engine.  There  were  several  different  types 
of  engines  tested  and  the  entire  series  were  very  well  conducted  and 
the  results  most  interesting. 

The  Standard  Oil  Co.,  recently  ran  a  series  of  comparative  tests 
at  its  Maltby  station  on  direct  acting  triple  expansion  oil  pumping 
engines.  Fig.  6  gives  the  results  obtained  in  two  groups  of  curves, 
one  on  saturated  steam,  the  other  on  superheated  steam.  The  results 
were  highly  satisfactor}--  as  the  curves  show — at  the  average  power 
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load  on  the  plant  the  saving  in  water  fed  to  the  boilers  was  20.5 
I>er  cent,  the  saving  in  dry  steam  on  the  main  pumps  was  10.93 
per  cent  and  in  fuel  (dry  oil)   fed  to  the  boilers  15.95  per  cent. 

It  should  be  borne  in  mind  that  the  total  saving  is  not  made  in 
the  prime  movers,  to  be  mostly  offset  by  the  cost  of  the  additional 
fuel  required  to  obtain  the  superheat.  A  properly  designed  super- 
heater attached  within  the  setting  of  a  boiler  always  results  in  at 
least  as  good  an  efficiency  for  the  combined  boiler  and  superheater 
as  for  the  boiler  alone ;  generally  the  combined  efficiency  is  higher. 
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FIG.    6.      RESULTS   OF   COMPARATIVE   TEST    CONDUCTED   BY    ENGINEERING 

DEP'T  OF  STANDARD  OIL  CO.  ON  OIL  PUMPING  ENGINES  WITH 

SATURATED  AND  SUPERHEATED  STEAM. 


and  often  to  such  an  extent  that  the  first  50  deg.  of  superheat  are 
obtained  without  the  expenditure  of  any  additional  fuel. 

Being  a  perfect  gas,  as  long  as  any  superheat  remains,  super- 
heated steam  can  be  put  through  pipes  at  a  higher  velocity  than  is 
permissible  with  saturated  steam  at  the  same  pressure.  This  means 
smaller  piping,  resulting  in  reducing  the  cost  of  the  items  of  pipmg. 
valves  and  fittings  and  covering.  The  loss  in  pressure  through  a 
long  line  is  considerably  less  when  the  steam  is  superheated  than 
when  it  is  saturated,  some  existing  lines  having  been  improved  in 
this  respect  by  as  much  as  50  per  cent. 

During  the  last  few  years  a  number  of  interesting  uses  for  super- 
heated steam  have  been  developed.  The  Peoples  Gas  Light  &  Coke 
Company   of   Chicago   is   blowing   its    water   gas   generators   with 
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superheated  exhaust  steam  at  about  2.5  lb.  pressure,  instead  of 
using  live  steam  as  has  been  the  standard  practice  heretofore.  The 
saving  in  boiler  fuel  averages  20  per  cent  and  there  is  at  the  same 
time  a  very  satisfactory  increase  in  the  capacity  of  the  gas  genera- 
tors themselves.  The  increase  in  capacity  of  the  generators  is  due 
to  the  fact  that  the  blowing  period  is  prolonged  fully  one  minute, 
thus  demonstrating  the  great  value  of  dry  and  superheated  steam. 
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FIG.  7.  SEPARATELY  FIRED  SUPERHEATER  FOR  STEAM 


as  it  relieves  the  generator  of  the  work  of  re-evaporating  water 
which  always  is  present  in  the  saturated  steam  at  the  generator. 

In  a  wood  pulp  mill  making  pulp  for  paper,  superheated  steam 
used  in  the  cookers,  or  digestors,  reduces  the  time  of  the  cook,  thus 
increasing  the  capacity  of  the  mill,  at  the  same  time  increasing  the 
recovery  of  chemicals  employed,  and,  if  properly  regulated  during 
the  different  periods  of  the  cook,  results  in  the  production  of  a 
superior  grade  of  pulp.  The  great  majority  of  the  textile  mills 
use  superheated  steam,  not  only  for  power  but  for  boiling  the  dye 
vats  or  kettles  and  for  various  heating  processes ;  as  they  can 
always  count  upon  dry  steam  and  good  agitation  in  the  kettles. 
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Sugar  mills,  salt  works  and  plants  of  a  similar  _  nature  where 
exhaust  steam,  or  reduced  pressure  live  steam,  or  a  mixture  of  both, 
is  used  for  the  evaporator,  have  found  it  pays  handsomely  to  super- 
heat all  the  steam  at  the  boilers,  thus  reducing  the  cost  of  power, 
and  at  the  same  time,  securing  a  dryer  exhaust  for  evaporating 
purposes.     In  the  refining  of  oil  it  has  been  found  that  by  super- 


FIG.   8.     WASTE  HEAT  SUPERHEATER  FOR  STEAM 


heating  all  the  steam  moderately,  75  to  100  deg.,  a  dryer  steam  is 
obtained  at  the  many  and  often  distant  points  of  use,  steam  traps 
can  be  eliminated,  and  the  cost  of  power  is  reduced.  In  addition 
many  refineries  employ  steam  to  agitate  the  oil  stills;  and  for  that 
use  the  exhaust  steam  can  be  collected  at  from  10  to  50  lb.  pres- 
sure, and  superheated  to  from  500  to  600  deg.  by  a  separately  fired 
superheater.  Sometimes  the  waste  heat  from  the  stills  is  sufficient 
to  do  the  superheating.  Such  a  superheater  has  been  for  some  time 
in  successful  operation  superheating  30,000  lb.  of  exhaust  steam  per 
hour  at  20  lb.  pressure  up  to  a  final  temperature  of  600  deg.,  cor- 
responding to  a  superheat  of  341  deg. 
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Several  installations  for  similar  service  but  with  the  superheaters 
having  furnaces  of  their  own  are  in  successful  operation.  The  use 
of  this  superheated  exhaust  steam  in  the  stills  has  proven  of  great 
value  as  there  is  a  decided  saving  in  steam  and  consequently  in 
fuel,  the  agitation  is*  improved  in  the  stills,  while  the  stills  them- 
selves are  not  required  to  transmit  so  much  heat. 

In  refining  vegetable  oils  and  in  the  various  processes  of  deodor- 
izing, superheated  steam  is  very  extensively  used.  Generally  the 
steam  is  blown  directly  into  the  material  through  an  open  coil.  It 
will  be  seen  at  once  what  a  great  advantage  it  is  to  use  superheat  in 
this  way,  because  it  can  be  furnished  at  practically  any  desired 
temperature  up  to  1000  or  1200  deg.  fahr.,  if  necessary,  and  the 
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FIG.    10.     SEPARATELY-FIRED    STEAM    SUPERHEATER   OPERATED    WITH    OIL 


total  heat  of  the  steam  can  be  fully  utilized.  Under  the  pressure 
of  the  war  the  chemical  industry  has  experienced  a  wonderful 
development.  Several  special  pieces  of  apparatus  have  been  worked 
out  in  this  field  which  if  they  are  not  steam  superheaters,  strictly 
speaking,  yet,  they  are  closely  related  and  of  much  interest. 

Several  hydrogen  heaters  are  in  successful  operation,  some  having 
a  capacity  sufficient  to  heat  25  cu.  ft.  of  hydrogen  gas  per  minute 
at  pressures  up  to  1500  lb.  to  temperatures  up  to  900  deg.  The 
heating  surface  made  up  of  what  is  known  as  the  Foster  construc- 
tion, consists  of  cast-iron  rings  or  gills  tightly  fitted  over  seamless 
cold  drawn  tubes. 

Caustic  soda  heaters  with  capacities  for  heating  at  least  20,000 
lb.  per  hour  at  pressures  up  to  1400  lb.  have  been  built  and  put  into 
successful  operation.  The  design  and  construction  closely  resemble 
that  used  for  the  hydrogen  heater. 
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FIG.    11.     AIR    SUPERHEATER    FIRED    WITH    PRODUCER    GAS 
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In  many  chemical  plants  oil  is  heated  in  a  special  heater,  pumped 
through  the  jackets  of  kettles  containing  the  material  to  be  heated, 
and  then  returned  to  the  heater  again.  The  oil  acting  as  the  agent 
in  carrying  the  heat  to  the  kettle,  is  circulated  continuously,  all  its 
heat  doing  useful  work  except  that  lost  by  radiation.  It  is  now 
possible  to  obtain  an  oil  for  this  w^ork  which  will  stand  temperatures 
up  to  650  to  700  deg.  fahr.,  without  carbonization. 

There  are  many  requirements  for  large  quantities  of  heated  air 
in  the  chemical  industry  where  an  air  heater  must  be  simple  in 
design,  take  up  a  small  amount  of  floor  space  and  have  good  effi- 
ciency ;  while  at  the  same  time  offering  the  minimum  resistance  to 
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FIG.  ]2.  SEPARATELY-FIRED  HEATER  FOR  SUPERHEATING  GAS 


the  air  in  the  passage  through  the  heater.  Heaters  are  built  to  heat 
air  up  to  1000  deg.  fahr.,  and  under  any  desired  pressure.  The 
heating  surface  consists  of  the  regular  cast-iron  gills,  or  rings, 
tightly  fitted  over  seamless  tubes.  Many  of  the  operations  and 
processes  in  the  oil  industry  seem  to  be  intimately  concerned,  or 
connected  with,  the  manufacturing  chemical  industry,  and  in  some 
instances  in  these  industries  a  steam  superheater  of  the  separately- 
fired  type  having  a  very  high  efficiency  is  required.  Such  a  super- 
heater must  be  durable,  capable  of  close  control  and  regulation, 
and  at  the  same  time  as  free  as  possible  from  devices,  automatic 
or  otherwise. 

A  superheater  meeting  the  above  mentioned  conditions  has 
recently  been  built  and  put  into  operation.  It  has  a  capacity  to 
superheat  105,000  lb.  of  steam  per  hour  at  150  lb.  pressure  150  deg., 
which  is  equivalent  to  a  final  temperature  of  515  deg.  This  super- 
heater maintains  a  high  furnace  temperature  and  has  an  efficiency 
as  good,  if  not  better  than  a  well  set  water  tube  boiler. 
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There  are  several  other  pieces  of  apparatus  lately  developed  for 
this  industry,  but  as  the  art  is  quite  recent,  they  are  more  or  less 
experimental,  undertaken  at  the  request  of  different  chemical  and 
oil  companies  and  therefore  to  be  regarded  as  their  own  private 
developments. 

Under  the  general  heading  of  the  use  of  superheated  steam  in 
process  work,  a  line  can  be  fairly  well  drawn  on  one  side  of  which 
the  operations  can  be  successfully  performed  with  superheated  steam 
(and  by  successfully  is  meant  that  they  are  commercially  prac- 


FIG.   14.     SEPARATELY-FIRED   SUPERHEATER   FOR   OIL 


ticable)  and  on  the  other  side  of  the  line  superheated  steam  will 
either  not  function  satisfactorily,  or  if  it  does,  the  cost  of  the  oper- 
ation is  prohibitive.  Where  both  the  latent  heat  and  the  superheat 
of  the  steam  can  be  utilized  the  operation  is  always  successful  and 
the  use  of  superheated  steam  eminently  practicable.  Thus,  wher- 
ever the  steam  can  be  blown  directly  into  the  mass  to  be  heated, 
whether  the  latter  is  in  powder  form,  paste  form  or  liquid  form, 
the  effect  desired  is  obtained  and  practically  the  only  heat  lost  is 
that  due  to  radiation. 

If  the  superheated  steam  is  tried  in  a  jacketed  kettle  or  in  a 
closed  coil  where  the  condensation  is  taken  off  by  means  of  a  trap 
or  vacuum  system,  the  results  will  be  found  to  be  disappointing, 
and  this  is  because  when  the  steam  is  superheated  its  specific  heat 
is  lowered  practically  one  half,  its  volume  is  increased  and  it  is  a 
gas.     This  means  that  not  so  many  pounds  of  it  can  occupy  the 
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jacket  or  coil,  that  none  of  the  latent  heat  can  be  given  up  until 
all  the  superheat  has  been  absorbed.  The  superheat  only  gives 
Yz  B.t.u.  for  every  degree  of  reduction  in  temperature,  therefore, 
very  little  heat  is  given  up  by  the  superheat  in  the  steam — although 
what  heat  is  given  up  is  at  a  high  temperature.  The  latent  heat  is 
then  available  and  it  is  this  that  does  practically  all  the  v^ork,  but 
this  latent  heat  has  not  a  sufficiently  high  temperature  to  produce 
the  desired  heating  effect  and  the  small  number  of  heat  units  at  high 
temperature  given  up  by  the  superheat  in  the  steam  has  not  been 
.enough  to  measurably  increase  the  average  temperature  of  the  mass 
to  be  heated.  It  will  be  seen  that  these  heating  operations  are  a 
function  of  heat  and  also  of  temperature.  There  is  a  way  in  which 
the  desired  effect  can  be  obtained  by  using  superheated  steam, 
namely  by  using  a  coil  or  coils  with  one  pipe  to  carry  the  steam 
and  of  sufficient  length,  so  that  when  blowing  the  steam  directly 
through  at  a  very  good  velocity  there  is  sufficient  heating  surface 
to  transfer  practically  all  of  the  superheat  to  the  mass  to  be  heated 
and  allowing  the  steam  with  all  its  latent  heat  still  remaining,  to 
blow  straight  through.  It  will  be  seen  that  we  are  in  this  case 
utilizing  the  steam  as  a  means  of  conveying  the  superheat  and  that 
we  will  require  a  great  many  pounds  of  steam  in  order  to  do  this. 
It  is  of  course  impractical  in  most  instances,  because  of  the  amount 
of  steam  required  and  the  great  cost  of  fuel  consequent  upon  the 
total  loss  of  the  latent  heat. 

In  some  cases  the  saturated  steam  leaving  the  coil  can  be  put 
through  an  engine  or  a  pump  or  into  some  other  process  requiring 
lower  temperatures  and  thus  use  can  be  made  of  the  saturated 
steam ;  in  such  a  case  the  process  can  many  times  be  made  economical 
and  satisfactory.  There  are  one  or  two  other  ways  in  which  the 
superheat  only  can  be  used  in  one  operation  and  the  latent  heat,  or 
a  portion  of  it,  in  another  and  connecting  operation.  These  opera- 
tions must  be  so  related  in  their  demands  for  heat  that  the  saturated 
steam  left  from  the  superheat  operation  will  be  sufficient  to  pro- 
duce the  desired  result  in  the  second  operation. 

DISCUSSION 

J.  A.  Donnelly  : — It  is  a  long  journey  to  hark  back  to  the  past 
when  we  heard  about  superheated  exhaust  steam  for  heating  build- 
ings, and  superheated  exhaust  steam  as  good  for  heating  stills  and 
boiling  water  and  doing  some  of  these  other  things  with  economy.  I 
do  not  think  it  will  be  found  that  there  is  much  economy  in  super- 
heating steam  and  using  it  for  purposes  such  as  these.  In  order 
to  prove  that  anything  has  been  saved  it  must  be  shown  that  some- 
thing was  previously  lost. 

If  steam  is  manufactured  with  ordinary  methods  and  the  gases  go 
up  the  stack  at  the  proper  temperature,  CO  is  not  going  up  instead 
of  COo,  and  the  ash  contains  no  considerable  extent  of 
unburned  carbon.  Where  was  this  loss  from  which  the  saving  is 
produced?  I  am  yet  to  be  convinced  that  one  can  superheat  steam 
and  boil  water  with  it  without  condensing  the  steam,  and  I  do  not 
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see  where  the  saving  is  in  boihng  water  between  the  point  of  super- 
heat and  the  point  of  condensation  of  the  steam.  Superheated  steam 
used  continuously  for  any  industrial  purposes  must  be  used  and 
withdrawn  from  use  before  it  condenses  or  it  is  not  superheated 
steam.  It  is  superheated  steam  in  the  first  part  of  the  process,  then 
it  becomes  saturated  steam  and  then  ordinary  condensation. 

H.  R.  Wetiierill: — What  I  grasped  of  this  paper  seemed  to 
oppose  the  results  of  a  test  which  was  run  by  one  of  the  companies 
I  represent.  The  test  was  made  two  or  three  years  ago  in  a  medi- 
cine factory.  The  medicine  factory  had  applied  for  service  from 
our  company,  and  as  we  had  never  guaranteed  to  supply  over  1  lb. 
pressure  at  the  service  valve  we  did  not  care  to  get  away  from  that 
point,  neither  did  we  want  to  run  a  high  pressure  line  to  take  care 
of  their  cooking  stills.  The  engineers  ran  very  extensive  experi- 
ments by  superheating  steam  with  electricity  and  were  able,  after 
several  experiments  and  after  making  several  different  types  of 
coils,  to  raise  the  temperature  of  5  lb.  pressure  steam  to  a  tempera- 
ture of  over  350  deg.,  but  they  were  not  able  to  boil  medicine  in 
the  still.  After  much  figuring  they  came  to  the  conclusion  that  it 
would  not  be  possible  to  boil  anything  with  superheated  steam,  due 
to  the  fact  that  the  heat  value  could  not  be  thrown  off  of  the  steam 
until  it  came  to  the  point  of  saturation  and  since  that  was  the  case, 
that  superheated  steam  would  be  of  no  value  as  a  heating  medium. 

Now  if  superheated  steam  has  given  any  better  results  or  can  be 
used  for  this  purpose,  I  would  like  to  know  just  why  that  would 
not  work  out  and  whether  that  theory  of  the  engineers  was  correct 
or  not. 

J.  I.  Lyle  : — I  do  not  believe  it  can  be  correctly  said  that  there 
is  not  any  heat  given  off  by  the  superheated  steam  until  it  gets  down 
to  the  point  of  saturation.  The  rate  of  heat  transmission  is  entirety 
different.  In  one  case  it  follows  very  closely  the  law  of  a  perfect 
gas;  and  in  the  other  case  there  is  the  wetted  surface  from  the  con- 
densation and  the  transmission  is  greatly  increased  by  the  wetted 
surface  that  you  do  not  have  as  long  as  you  have  superheated  steam. 
If  the  heating  surface  for  the  boiler  was  that  required  for  saturated 
steam  it  would  not  be  enough  using  superheated  steam  because  of 
the  lower  rate  of  transmission  of  the  steam  or  dry  gas. 

H.  R.  Wetiierill: — That  is  probably  the  solution. 

Mr.  Fresiiee: — At  Harrisburg  we  have  G>^  mi.  of  underground 
steam  heating  mains  and  some  of  the  mains  extend  1-1/3  mi.  from 
the  plant.  Many  of  our  complaints  from  the  consumers  on  the 
dead  ends  of  the  main,  or  on  mains  away  from  the  central  part  of 
the  city,  claim  they  arc  paying  for  condensation  and  saturated  steam 
from  the  mains  due  to  the  distance  in  travel,  this  condensation 
registering  on  meter.  To  send  out  commercial  dry  steam  we  have 
made  tests  on  superheating.  We  send  exhaust  steam  at  13  lb.  from 
the  turbine  into  our  20  in.  steam  main  which  is  sup])lemented  by 
a  6  in.  live  steam  main  carrying  150  lb.  pressure.  This  passed 
through  a  reducing  valve,  will  make  superheated  steam  of  400  deg., 
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which  takes  up  or  dissipates  the  saturation  in  the  exhaust  steam. 
Our  tests  have  found  dry  steam  at  a  distance  of  ^,000  ft.  Beyond 
this  distance  the  steam  hecomes  saturated  and  this  condensation, 
which  we  term  "unaccounted-for-steam,"  is  tal^en  to  street  traps. 

When  a  consumer  complains  of  paying  for  the  condensation  from 
our  steam  mains  coming  through  the  service  and  registering  on  his 
meter,  we  install  a  service  trap  to  determine  whether  commercially 
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HEAT  ABSORPTION  WITH  SUPERHEATED   STEAM  IN   PROCESS  WORK 


dry  steam  or  within  4  per  cent  of  condensation  is  registering  on 
his  meter.  The  supplying  of  live  steam  into  the  heating  mains  is 
economical,  gives  a  better  showing  financially  than  supplying  exhaust 
steam  from  engines,  turbines  and  pumps,  and  gives  better  service, 
as  there  are  fewer  complaints  when  supplying  dry  steam. 

J.  C.  HoBBS^ : — I  have  not  read  all  the  paper,  but  from  a  glance, 
it  appears  that  the  author  has  used  an  argument  which  does  not 
seem  altogether  logical  to  prove  that  superheated  steam  is  desirable 
for  process  work. 

It  is  well  known  that  superheated  steam  is  more  economical  than 
saturated  steam  in  connection  with  certain  types  of  prime-mover 

*  Vice-President    National    District    Heating    Association,    c|o    Duquesne    Light    Co., 
Pittsburgh,    Pa. 
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machinery,  i.  e.,  turbines  and  engines  which  are  designed  and  built 
to  use  superheated  steam,  but  in  process  work  an  entirely  different 
principle  is  involved.  One  of  the  reasons  why  superheat  is  more 
economical  than  saturated  in  steam  engines,  is  because  it  does  not 
give  up  and  lose  so  much  of  its  heat  to  the  cylinder  walls.  This  is 
exactly  the  opposite  of  what  is  desired  in  process  work,  where  the 
principal  function  is  to  transfer  the  heat  from  the  steam  to  the 
substance  to  be  heated.  There  is  another  principle  involved,  the 
temperature  relation.  iWe  should  not  be  fooled  by  the  fact  that 
superheated  steam  at  a  known  temperature  is  being  delivered  to  a 
piece  of  apparatus,  into  thinking  that  the  temperature  of  the  steam 
remains  the  same  after  it  reaches  the  apparatus.  As  a  matter  of 
fact  from  the  instant  the  superheated  steam  leaves  the  superheater  in 
the  boiler  the  temperature  and  the  amount  of  superheat  begins  to 
drop,  depending  entirely  upon  the  amount  of  heat  given  up  by  the 
steam.  In  well  insulated  steam  pipes  the  amount  of  heat  radiated 
and  lost  is  a  comparatively  small  amount,  and  the  temperature  and 
"degrees  of  superheat"  remain  almost  constant.  In  process  work, 
however,  it  is  desired  that  the  steam  give  up  its  heat,  consequently 
the  temperature  and  degrees  of  superheat  rapidly  decrease  until  the 
saturated  temperature  is  reached,  at  which  point  the  temperature  re- 
mains constant  until  all  of  the  steam  is  condensed. 

There  are  reasons  why  superheated  steam  should  not  be  used. 
These  reasons  show  why  the  economy  is  decreased.  One  is  the  in- 
creased heat  losses,  due  to  greater  pipe  line  radiation  due  to  higher 
temperatures.  Another  is  the  increased  trouble  due  to  the  use  of 
higher  temperatures  with  pipe  fittings  and  valves.  When  the  whole 
problem  is  considered  it  is  indeed  doubtful  whether  superheated 
steam  should  be  used  for  any  process,  unless  the  temperature  is 
higher  than  that  which  can  be  obtained  with  saturated  steam.  It 
should  also  be  kept  clearly  in  mind  that  in  order  to  derive  benefit 
from  the  use  of  superheated  steam  and  to  actually  obtain  the  higher 
temperature,  a  continuous  flow  of  steam  through  the  apparatus  must 
be  maintained  and  that  more  than  90  per  cent  of  the  heat  supplied 
to  the  apparatus  will  be  rejected  by  it  and  discharge  to  the  outlet 

PiP^-  ... 

To  illustrate  better-  the  real  relations  existmg  between  the  tem- 
perature and  pressure,  also  the  small  effect  even  with  high  super- 
heat, a  diagram  (Fig.  1)  has  been  prepared. 

The  Author  : — In  answer  to  Mr.  Hobb's  contention,  I  distinctly 
pointed  out  in  the  paper  that,  if  superheated  steam  is  used  in  a 
jacketed  kettle  or  a  closed  coil,  where  the  condensation  is  taken  off  by 
means  of  a  trap  or  vacuum  system,  the  results  will  be  found  to  be 
disappointing.  Mr.  Hobbs  makes  a  statement  which  I  fear  he  cannot 
prove.  For  instance,  he  speaks  of  "the  increased  heat  losses  due  to 
greater  pipe  radiation,  due  to  higher  temperatures,"  when  using 
superheated  steam.  Now  it  is  a  fact  that  the  radiation  is  less, 
although  at  a  higher  temperature  with  superheated  steam  than  with 
saturated  steam  as  measured  in  the  total  B.t.u. 
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STANDARD  RULES  FOR  COMPUTING 
REQUIRED  RADIATION 

Report    of     Rules     and    Regulations     Committee     of     the     National     District     Heating 

Association 

IT  has  been  the  desire  of  a  great  many  members  of  the  Associa- 
tion for  the  past  few  years  to  have  the  National  District  Heat- 
ing Association  adopt  a  standard  rule  for  figuring  required 
steam  and  hot  water  radiation.  There  have  been  several  papers  on 
this  subject  presented  before  the  Association  in  the  past  and  as 
there  was  such  a  great  number  of  rules  used  by  the  various  member 
companies,  some  of  which  did  not  check  within  50  to  To  per  cent 
of  each  other,  the  adoption  of  a  standard  rule  has  been  carried  over 
from  year  to  year  by  the  Association  with  no  action  taken.  • 

Two  years  ago  when  the  Educational  Committee  decided  to  get 
up  an  Association  handbook,  it  was  suggested  that  they  adopt  a 
standard  rule  for  figuring  radiation  which  would  be  known  as  the 
National  District  Heating  Association  rule  and  make  it  a  part  of 
the  handbook. 

The  Educational  Committee  was  so  busy  that  year  with  other 
matters  that  very  little  work  was  done  on  the  radiation  formula, 
and  when  the  new  committee  on  rules  and  regulations  was  appointed 
last  year,  the  formulating  of  a  standard  rule  for  figuring  radiation 
was  turned  over  to  them. 

There  have  been  numerous  drafts  of  a  proposed  rule  submitted 
to  the  committee  members  in  the  past  three  months,  and  as  there 
are  fourteen  members  on  the  committee  there  has  been  a  great  deal 
of  criticism  and  discussion,  which  resulted  in  a  great  many  changes 
in  and  additions  to  the  original  draft.  Some  of  the  members 
were  of  the  opinion  that  the  scientific  method  was  too  complicated 
and  that  we  should  adopt  a  rule  similar  to  rules  Nos.  2  and  3. 
Other  members  were  of  the  opinion  that  further  additions  should 
be  made  to  the  rule.  As  a  result  the  rules  which  the  committee  are 
now  submitting  to  the  Association  for  their  approval  and  adoption 
do  not  meet  with  the  individual  ideas  of  each  member,  but  the 
committee  is  agreed  as  a  whole  that  if  the  proposed  rules  are 
adopted  by  the  Association  as  their  standard,  there  is  sufficient  data 
in  same  so  that  the  various  members  of  the  Association  can  compile 
.simplified  formulas  to  fit  their  local  conditions  if  they  do  not  care 
to  adopt  rule  No.  1  for  general  use. 

Reprinted  from  the  April,  1919  issue  of  the  Bulletin  of  the  National  District 
Heating   Association. 

Presented  at  Joint  Session  with  the  National  District  Heating  Association,  at  Semi- 
Annual  Meeting  of  The  American  Society  of  Heating  and  Ventilating  Engineers, 
Pittsburgh,  Pa.,  Tune,   1919. 
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Table  4  of  rule  No.  1,  which  gives  the  coefficients  of  heat  trans- 
mission from  the  various  types  of  radiation  and  pipe  coils,  is  the 
latest  addition  to  the  proposed  rules,  and  while  they  will  probably 
not  be  used  for  general  use,  they  are  included  for  use  by  engineers 
who  wish  to  go  into  complete  detail  in  the  design  of  heating  systems. 
Suggested  rules  Nos.  2  and  3  are  samples  of  simplified  rules 
which  can  be  computed  from  the  data  in  rule  No.  1  to  fit  any  fixed 
local  conditions.  It  is  the  desire  of  the  members  of  the  Rules  and 
Regulations  Committee  in  publishing  the  proposed  rules  in  the  Bul- 
letin to  have  all  members  of  the  Association  become  familiar  with 
them  before  the  convention  in  June,  at  which  time  the  formal  adop- 
tion will  be  requested. 

Respectfully  submitted, 

H.  R.  Wetherell, 
Chairman, 
J.  L.  Hecht, 
A.  C,  Rogers, 

D.  S.  BOYDEN, 
W.  A.  WOLLS, 

J.  H.  Walker, 

E.  L.  Wilder, 

A.    E.   DURAM, 

F.  C.  Ross, 
Thos.  Donohue, 
J.  D.  Hoffman, 
N.  H,  Argabrite, 

J.  C.  HOBBS, 

,  D.  L.  Gaskill. 


Rules  and  Regulations  Committee 
OF  THE  National  District  i 

Heating  Association 


Note — Mr.    A.    C.    Rogers    is    the    only    member    of 
the   committee   not  approving  the   rules   as  they   stand. 


RULES    FOR   determining    SQUARE    FEET    OF    RADIATION    REQUIRED   TO 

HEAT  A   BUILDING 

The  following  rule  No.  1  is  what  is  known  as  the  B.t.u.  rule  for 
figuring  radiation  and  can  be  applied  to  any  condition  of  tempera- 
ture differences  or  any  type  of  heating  system,  either  steam  or  hot 
water.  It  is  recommended  for  use  to  member  companies,  heating 
engineers,  architects  and  heating  contractors. 

Rules  Nos.  2  and  3  are  examples  of  rules  which  are  known  as 
simplified  or  short-cut  methods  for  computing  required  radiation. 
They  are  made  up  from  the  factors  in  rule  No.  1  and  fit  a  certain 
type  of  building  construction  and  temperature  difference.  When 
circumstances  make  it  advisable,  in  the  case  of  any  particular  heat- 
ing company,  to  have  in  use  a  simplified  formula,  a  rule  similar 
to  rules  Nos.  2  and  3  can  be  made  up  from  the  factors  in  rule 
No.  1  to  fit  local  conditions,  with  an  average  type  of  building  con- 
struction. 

Any  room  or  space  having  an  opening  which  may  communicate 
with  the  rooms  or  space  to  be  heated,  whether  radiation  be  installed 
or  not  in  such  rooms  or  space,  must  be  considered  in  the  measure- 
ments for  space  heated  in  either  of  the  following  ways,  depending 
on  the  existing  conditions : 
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1.  If  the  unhealed  space  is  an  active  room  and  has  a  door  or 
other  opening  which  opens  into  the  adjoining  heated  space  and  such 
doors  or  openings  are  left  open  the  majority  of  the  time,  the  entire 
space  should  be  included  in  the  measurements  and  sufficient  radia- 
tion installed  in  the  heated  rooms. 

2.  If  the  unheated  space  is  an  inactive  room  and  the  doors  or 
other  openings  are  to  be  closed  the  majority  of  the  time,  the  space 
and  exposures  of  the  unheated  room  should  not  be  included  in  the 
measurements,  but  the  walls  adjoining  the  unheated  and  heated 
space  should  be  taken  as  exposed  surface  in  the  measurements  for 
the  heated  room.  Basements  and  attics,  which  are  used  for  storage 
purposes  only,  should  not  be  considered  as  space  to  be  heated. 

Following  are  the  three  rules  referred  to  above. 

RULE  NO.   1 

Since  the  radiation  in  any  room  must  emit  sufficient  heat  to 
compensate  for  all  heat  losses  from  that  room  and  since  heat  is 
transmitted  by  different  building  materials  at  different  rates,  it 
follows  that : 

B.t.u.  lost  per  hr.  from  room 
Radiation   required   =: 


B.t.u.  emitted  per  sq.  ft.  of  radiation  per  hr. 
H 


R 


B.t.u.  per  hr.  from  radiation 
H 


X  (Temperature  difference  between  contents  of  radiator  and  room 
temperature) 

The  value  of  X  in  the  following  computations  is  taken  as  1.7 
B.t.u.,  which  is  the  coefficient  of  heat  transmission  from  the  type 
of  radiation  most  generally  used.  See  table  4  for  coefficients  for 
various  types  of  radiation  and  pipe  coils. 

Gravity  straight  steam  systems  having  from  1  to  3  lb.  pressure: 

H  H  H 

^= for   steam   at  3-lb.   gage  = .    Safe  ^'alue  = 

1.7  (220-70)  255  250 

Vapor  systems  with  individual  traps  on  the  return  end  of  each 
radiation : 

H  H 

R  =  for  steam  at  atmospheric  pressure  =:  . 

1.7  (212-70)  241 

H 

Safe  Value  =  . 

240 

Atmospheric  systems  with  open  return  and  excess  radiation  for 
cooling  surface: 

H  H 

1.7  (212-70)  -=-  1.20  ~   200 

Hot  water  systems  having  an  average  of  170  deg.  water : 

H  H  H 

R  = = .    Safe  Value  =  

1.7  (170-70)         170  165 
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Theoretically  one  B.t.u.  will  heat  55  cu.  ft.  of  air  one  deg.  fahr. 
Allowing  for  safety  and  simplicity  in  figuring,  50  cu.  ft.  is  used, 
which  makes  the  constant  for  one  change  0.03  B.t.u.  per  degree 
difference  in  temperature. 

In  computing  required  radiation  for  well  constructed  residences 
and  office  buildings,  good  practice  allows  one  change  of  air  per  hour ; 
well  constructed  store  buildings  two  air  changes  per  hour.  For 
buildings  of  loose  construction  and  those  employing  some  method 
of  forced  ventilation,  more  air  changes  per  hour  will  be  considered, 
depending  upon  the  existing  conditions  of  building  and  ventilating 
system. 

Table  1  shows  the  B.t.u.  required  to  heat  1  cu.  ft.  of  space  at 
various  temperatures  and  air  changes. 

Table  2  shows  the  B.t.u.  losses  per  hour  through  1  sq.  ft.  of 
various  building  materials  with  varying  temperature  differences. 

Table  3  shows  the  percentage  by  which  the  B.t.u.  loss  obtained 
from  table  2  will  be  increased  when  the  exposure  is  other  than 
southern. 

To  compute  the  radiation  required  in  any  room  : 

First — Compute  the  B.t.u.  required  to  heat  the  air  in  the  room 
by  multiplying  the  cubical  contents  by  the  proper  factor. 

Second — Compute  the  B.t.u.  lost  through  the  doors  and  windows 
by  multiplying  their  area  by  the  proper  factor. 

Third — Compute  the  B.t.u.  lost  through  the  walls,  floor  and 
ceilings  in  the  same  manner. 

For  steam  radiation  (1  to  3  lb.  pressure) — Divide-  the  sum  of 
these  results  by  250  and  the  quotient  is  the  number  of  square  feet 
of  straight  steam  radiation  required. 

For  vapor  radiation  (with  radiator  traps) — Divide  the  sum  of 
these  results  by  240  and  the  quotient  is  the  number  of  square  feet 
of  vapor  radiation  required. 

For  atmospheric  radiation  (with  extra  cooling  surface) — Divide 
the  sum  of  these  results  by  200  and  the  quotient  is  the  number  of 
square  feet  of  atmospheric  radiation  required. 

For  hot  water  radiation  (water  at  170  deg.  fahr.) — Divide  the 
sum  of  these  results  by  165  and  the  quotient  is  the  number  of 
square  feet  of  hot  water  radiation  required. 

RULE  NO.  2 

Rule  No.  2  is  to  be  used  for  computing  the  required  steam  radia- 
tion for  a  building,  assuming  a  temperature  of  70  deg.  inside  with 
an  outdoor  temperature  at  zero,  with  13-inch  brick  walls  or  average 
frame  construction.  Windows,  single  glass,  set  tight,  and  assuming 
one  and  one-half  changes  of  air  per  hour  in  the  building. 

;?  =  0.008C  +  0.08W/  -I-  0.35G. 
Where 

R  =  Required  steam  radiation  with  system  using  steam  at  1  to  3  lb.  pres 

sure. 
C  =  Cubic  feet  of  space  to  be  heated. 
r^F  =  Square  feet  of  exposed  wall  surface. 
G  =  Square  feet  of  exposed  glass  surface. 
Note. — No   allowance   made   for   extreme    exposures. 
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RULE    NO.    3 

Rule  No.  3  can  be  used  for  computing  required  hot  water  radia- 
tion for  a  building,  assuming  a  temperature  of  70  deg.  inside  with 
an  outdoor  temperature  at  zero,  with  13-in.  brick  walls  or  average 
frame  construction.  Windows,  single  glass,  set  tight,  and  assuming 
one  and  one-half  changes  of  air  per  hour  in  the  building. 

R  =  0.013C  +  O.UW  +  0.53G. 
Where. 
R  —  Required  hot  water  radiation  with  average  temperature  of  water  in 

system  of  170  deg.  fahr. 
C  =  Cubic  feet  of  space  to  be  heated. 
W  =  Square  feet  of  exposed  wall  surface. 
G  =  Square  feet  of  exposed  glass  surface. 
Note. — No   jiUowance   made   for   extreme    exposures. 

TABLE  1.  B.T.U.  REQUIRED  TO  HEAT  1  CU.  FT.  OF  SPACE: 

No.  Air  B.t.u.  1°  Difference  in  Temperature  Between  Rooms  and  Outside  : 

Changes  Difference  50°  60°  70°  80°  85°  90° 

1/2  .  0.01  0.50  0.60  0.70  0.80  0.85  0.90 

%  0.015  0.75  0.90  1.05  1.20  1.27  1.35 

1  0.02  1.00  1.20  1.40  1.60  1.70  1.80 
iy2  0.03  1.50  1.80  2.10  2.40  2.55  2.70 

2  0.04  2.00  2.40  2.80  3.20  3.40  3.60 

3  0.06  3.00  3.60  4.20  4.80  5.10  5.40 

4  0.08  4.00  4.80  5.60  6.40  6.80  7.20 

TABLE   2.     B.T.U.   LOSSES    PER   HOUR   THROUGH    1    SQ.   FT.    OF 
VARIOUS  BUILDING  MATERL\LS: 


B.  T.  U.     Difference  in  Temperature  Between 
Difference  Room  and  Outside 


K  50°  60°  70°  80°  85°  90 

Windows,   single   glass,   full   sash   area 1.25  62  75  87  100  106  112 

Windows,  double  glass,  full  sash  area 0.60  30  36  42  48  51  54 

Plate    Glass     1.00  50  60  70  80  85  90 

Skylight,    single   glass,    full   sash   area 1.1.0  55  66  77  88  94  99 

Skylight,  double   elass,   full   sash  area 0.60  30  36  42  48  51  54 

Wooden   door,    1    in 0.40  20  24  28  32  34  36 

Wooden    door,    2   in 0.36  18  22  25  29  31  32 

Brick    wall,    8%    in.    plain 0.37  18  22  26  30  32  33 

Brick   wall,    13   in.    plain 0.29  14  17  20  23  25  26 

Brick    wall,    17V2    in.    plain 0.24  12  14  17  19  21  22 

Brick    wall,    22    in.    plain 0.21  10  13  15  17  18  19 

Brick    wall,    27    in.    plain 0.19  9  11  13  15  16  17 

Brick    wall,    furred   and    plastered,    use    .7    times 

non-furred. 
Stone   wall,   use    1.5    times   brick    wall. 

Concrete,    2    in.    solid 0.78  39  47  55  62  66  70 

Concrete,    3    in.    solid 0.71  35  43  50  57  60  64 

Concrete,    4    in.    solid 0.66  33  40  46  53  56  59 

Concrete,    6    in.    solid 0.56  28  34  39  45  48  50 

Frame   wall    (pla'iter,    lath,    stud,   clapboard) 0.50  25  30  35  40  43  45 

Frame    wall    (plaster,   lath,    stud,    sheoting,   clap- 
board)       0.28  14  17  20  22  24  2: 

Frame  wall  (plaster,  lath,  stud,  sheating,  paper, 

clapboard)      0.23  11  14  16  18  20  21 

Hollow  tile,   2   in.,   V>   in.   plaster,   both   sides.  .0.41  20  25  29  33  35  37 

Hollow    tile,   4   in.,    %    in.    plaster,   both    sides.  .0.33  16  20  23  26  28  30 

Hollow   tile,    6    in.,    V-    in.    plaster,    both    sides.  .0.28  14  17  20  22  24  25 

Solid   plaster    partition,    2    in 0.60  30  36  42  48  51  54 

Solid   plaster   partition,    3    in .0.50  25  30  35  40  43  45 

Concrete   floor    on    brick    arch 0.20  10  12  14  16  17  18 

Fireproof    construction    as    flooring 0.10  5  6  7  8  9  9 

Fireproof     construction     as     ceiling 0.14  7  8  10  11  12  12 

Single    wood    floor    on    brick    arch 0.15  8  9  11  12  13  14 

Double   wood   floor,    plaster   beneath 0.15  8  9  11  12  13  14 
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Wooden  beams  planked   over,  as  flooring 0.17 

Wooden  beams  olanked  over,  as  ceiling 0.35 

Lath  and   plaster  ceiling,   no   floor   above 0.62 

Lath    and   plaster   ceiling,   floor   above 0.25 

Steel    ceiling,    with    floor   above 0.35 

Single  %   in.   floor,   no  plaster  beneath 0.45 

Single   %   in.   floor,   plaster   beneath 0.26 


9 

10 

12 

14 

14 

15 

17 

21 

25 

28 

30 

32 

31 

37 

43 

50 

53 

56 

13 

15 

18 

20 

21 

22 

17 

21 

25 

28 

30 

32 

23 

27 

32 

36 

38 

41 

13 

16 

18 

21 

22 

23 

PERCENTAGE  OF  INCREASED  RADIATION  DUE  TO  HIGH  CEILINGS 

Rooms  12  to  1414  ft.  from  floor  to  ceiling 3  per  cent 

Rooms   14%  to   18  ft.   from  floor  to  ceiling 6  per  cent 

Rooms   18   ft.   and   above  from  floor  to  ceiling 10  per  cent 


TABLE  3.     PERCENTAGE  BY  WHICH  HEAT  LOSSES  IN  TABLE  2 
ARE  INCREASED   FOR   OTHER  EXPOSURES: 

Heat  Loss  Is 
Location                                                           Increased  Per  Cent 
N.  E.  or  N.  W.  rooms 10-15 


E.   or  W.   rooms. 


5-10 


TABLE  4.    VALUE  OF  X,  COEFFICIENT  OF  HEAT  TRANSMISSION 
FROM  RADIATORS : 

Height  of  Radiators,  One-  Two-  Three-  Four- 
Inches  Column  Column  Column  Column 
20  1.93  1.85  1.75  1.64 
23  1.89  1.80  1.70  1.59 
26  1.86  1.76  1.66  1.56 
32  1.79  1.69  1.59  1.49 
38  1.74  1.65  1.55  1.45 
45  ....  1.60  1.50                  1.40 

B.t.u.  Per  Sq.  Ft.  Per  Hour 
WALL  COIL:  *  Per  Deg.  Dif.  in  Temperature 

Heating  surface  5  sq.  ft.,  long  side  vertical    1 .92 

Heating  surface  5  sq.  ft.,  long  side  horizontal    2.11 

Heating  surface  7  sq.  ft.,  long  side  vertical    1 .70 

Heating  surface  7  sq.  ft.,  long  side  horizontal    1 .92 

Heating  surface  9  sq.  ft.,  long  side  vertical    1 .77 

Heating  surface  9  sq.  ft.,  long  side  horizontal    1 .98 

PIPE  COIL: 

Single  horizontal  pipe 2.65 

Single  vertical  pipe   2. 55 

Pipe  coil  4  pipes  high 2.48 

Pipe  coil  6  pipes  high 2.30 

Pipe  coil  9  oioes  high 2.12 

DISCUSSION 

H.  R.  Wetherell^  : — The  committee  started  out  to  draw  up  a 
standard  set  of  rules  and  regulations  and  included  in  these  regu- 
lations the  formulae  for  figuring  radiation.  The  committee  has  14 
members,  located  all  over  the  country  and,  as  it  is  almost  impossible 
to  get  a  committee  of  that  size  together,  most  of  the  work  was 
carried  on  by  correspondence.  However,  we  had  a  joint  session  of 
some  of  the  members  of  the  Executive  Committee  last  spring  in 
Pittsburgh.  Six  members  of  the  Executive  Committee  are  members 
of    this    Regulations    Committee,    so    eight    of    us    got    together 

1  Chairman    of    the     Rules    and    Regulations    Committee    of    the    National     District 
Heating   Association. 
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here  in  Pittsburgh  and  discussed  the  question.  The  opinions  of  the 
members  were  so  divided  on  the  rules  and  regulations  part  of  the 
report  that  it  was  decided  to  pass  that  up  for  the  present  and  to 
present  a  standard  rule  for  figuring  radiation  for  the  approval  of 
the  association  at  this  convention. 

It  has  previously  been  stated  that  the  association  wanted  a  standard 
rule  which  would  meet  a  certain  fixed  condition.  I  do  not  know 
how  the  association  stands  as  a  whole  on  that,  but  the  committee 
is  divided.  In  fact,  the  majority  of  the  committee  wants  a  formula 
which  is  flexible  enough  to  meet  any  condition,  while  a  few  of  the 
members  of  the  committee  think  that  a  standard  or  short-cut  method 
which  could  be  applied  to  one  fixed  condition  should  be  adopted. 

In  the  report,  therefore,  the  so-called  B.t.u.  formula  or  the  method 
that  can  meet  any  type  of  system  is  suggested  as  rule  No.  1.  Two 
rules,  Nos.  2  and  3,  are  suggested  as  simplified  formulae  which 
could  be  drawn  up  from  the  factors  used  in  rule  No.  1  to  meet  any 
fixed  conditions  for  any  certain  locality  or  temperature  conditions. 

It  will  be  noted  that,  in  the  report,  there  are  factors  computed 
for  different  types  of  systems,  one  for  the  so-called  straight  gravity 
system  or  ordinary  two-pipe  gravity  system.  The  next  one  is  for  a 
vapor  system  using  traps  on  the  return  end  of  the  radiators,  where 
the  entire  surface  of  the  radiators  is  to  be  used.  The  third  is  for 
computing  radiation  for  the  atmospheric  system,  which  has  an  open 
return  to  the  atmosphere,  where  it  is  necessary  to  maintain  4  or  5  in. 
of  the  bottom  of  the  radiators  for  cooling  surface  or  condenser. 
And  the  last  is  a  factor  for  computing  hot-water  radiation  for  hot- 
water  district  heating  systems  with  an  average  temperature  of  170 
deg. 

The  last  addition  to  the  report.  Table  4,  is  the  coefficient  of  heat 
transmission  from  various  types  of  radiators  and  pipe  coils.  It  was 
thought  that  this  would  probably  not  be  used  very  often  by  district 
heating  companies  in  computing  the  radiation  for  general  use,  but 
that  it  would  be  of  use  to  heating  engineers  wishing  to  compute 
data  from  an  engineering  standpoint  for  the  general  heating  systems. 

Geo,  W.  Martin^  : — I  suggest  that  you  explain  to  the  members 
the  use  that  this  formula  bears  to  the  charges  which  your  company 
makes  for  service.  I  think  that  will  explain  a  little  more  fully 
just  the  need  for  some  such  formula. 

H.  R.  Wetherell  : — I  do  not  think  that  should  enter  into  the 
adoption  of  the  formula.  The  idea  of  publishing  the  formula  was 
to  arrive  at  some  standard.  Possibly  this  standard  is  not  absolutely 
right  at  the  present  time.  We  think  it  is  nearly  correct  at  the 
present  time  but  we  do  not  say  it  cannot  be  improved  upon  later. 
What  we  want  to  do  is  to  get  some  standard  established  which  can 
be  corrected  later,  if  necessary.  Several  papers  presented  before  the 
convention  in  the  past  year  on  this  subject  have  revealed  the  fact 
that  the  various  members  of  the  association  are  now  using  from 

,  ,    •T^'^IJ 

*  President  of  the   National   District  Heating  Association — presiding  at  Joint   Session. 
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50  to  75  different  formulae  that  do  not  check  within  50  to  75  per 
cent  of  each  other  on  actual  results. 

Replying  to  Mr.  Martin,  I  will  state  that  on  the  old  flat  rate 
basis,  which  mOst  steam  companies  are  now  getting  away  from — 
the  hot  water  companies  of  course  still  have  to  continue  on  that 
basis — the  charges  were  based  on  the  cost  per  square  foot  of  radia- 
tion. It  is  well  known  to  men  in  that  business  and  the  engineers 
of  the  Public  Utilities  Commission  are  also  coming  to  see  that  the 
rate  should  not  be  based  on  connected  radiation  but  on  required 
radiation.  In  a  great  many  cases,  especially  of  old  installations, 
where  a  company  has  paid  no  attention  to  the  inside  piping,  the 
radiation  is  over-set  or  under-set  from  what  it  should  be.  The  radia- 
tion in  a  building  should  be  in  proportion  to  the  heat  loss  and  the 
charge  should  therefore  be  in  proportion  to  the  heat  loss  of  the  build- 
ing, not  to  the  radiation  connected  in  the  building,  without  regard 
to  whether  it  is  right  or  wrong.  In  our  companies  we  have,  except 
in  the  hot-water  system,  eliminated  all  the  flat  rates  on  steam, 
but  in  three  different  cases,  in  establishing  new  meter  rates,  instead 
of  going  on  the  straight  condensation  rate  we  have  gone  on  what 
we  call  a  two-factor  rate,  where  the  fixed  charge  is  based  on  the 
required  radiation :  the  consumption  charge  is  based  on  the  con- 
densation used.  By  so  doing  the  customer  is  protected  and  dis- 
crimination avoided.  For  instance,  a  church  or  schoolhouse  or  some 
business  may  use  steam  only  4,  6  or  8  hr.  a  day  but  may  have  a 
connected  load  of  10,000  ft.  of  radiation.  .  It  thus  requires  just  as 
much  investment  of  the  company  in  both  underground  mains  and 
investment  of  station  to  take  care  of  this  customer  on  the  peak 
load — he  must  be  just  as  well  taken  care  of  as  another  customer 
having  10,000  ft.  of  radiation  and  using  steam  24  hr.  a  day.  In 
this  form  of  rate  the  customer  using  24  hr.  a  day  automatically 
earns  a  lower  rate  per  thousand  pounds  than  the  customer  using  it 
just  a  few  hours  a  day. 

D.  S.  BoYDEN  : — I  would  like  to  supjilement  Mr.  Wetherell's  re- 
marks as  to  what  has  prompted  this  Society  to  reach  so  quickly 
this  rule.  A  few  of  us  know  that  this  matter  has  been  under 
discussion  in  the  American  Society  of  Heating  and  Ventilat- 
ing Engineers  for  a  great  many  years,  and  they  have  not,  I 
understand,  up  to  the  present  time  been  ready  to  adopt  a  standard. 
But  during  the  past  two  years  there  has  been  a  great  amount  of 
rate  increasing  and  unrest  amongst  our  companies  and  commissions 
have  been  interpreting  the  steam  rates  of  the  various  companies 
and  have  appealed  to  the  Bureau  of  Standards  for  an  equitable  rule 
for  computing  the  minimum  or  the  theoretical  set  radiation.  If  we 
were  able  to  present  to  the  Bureau  a  satisfactory  rule  we  would  at 
least  have  a  uniform  rule  rather  than  arbitrary  standards  in  vari- 
ous states.  So  I  trust  that  the  discussion  on  this  subject  will  be 
constructive,  to  the  end  of  improving  our  report  for  this  purpose, 
rather  than  to  destroy  it.  The  rule  was  not  designed  for  the 
purpose  of  computing 'radiation  for  new  installations. 
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H.  M.  Hart  : — There  is  one  point  that  I  would  like  to  see  the 
committee  go  further  into  and  that  is  the  question  of  air  change. 
It  is  easy  enough  to  figure  the  heat  required  for  a  definite  air  change, 
but  it  is  rather  difficult  to  estimate  what  the  air  change  is  going  to 
be,  and  something  along  that  line  would  be  desirable.  Even  though 
it  may  not  be  quite  correct,  I  think  that  there  should  be  a  uniform 
air  change  figured  out  for  similar  types  of  buildings.  For  instance, 
for  office  buildings  we  might  safely  assume  a  certain  air  change; 
for  industrial  buildings  we  might  also  assume  a  certain  air  change. 

I  bring  out  this  point  for  this  reason :  I  am  on  the  standardization 
committee  of  the  Chicago  Master  Steam  Fitters  Association  which 
has  adopted  standards  for  figuring  heat  loss.  We  adopted  a  stand- 
ard air  change  and  found  that  we  got  into  all  kinds  of  trouble, 
because  there  would  be  a  factory  building  or  warehouse  building 
with  a  large  cubic  content  and  small  exposure  on  one  hand  and  on 
the  other  hand  a  corner  office  with  a  great  deal  of  exposure  and  small 
cubic  content.  I  am  frank  to  admit  that  we  are  up  in  the  air ; 
we  don't  know  what  to  do.  We  tried  to  keep  those  standards  very 
simple,  so  that  the  ordinary  layman  could  utilize  them.  The  air 
change  is  something  that  I  would  like  to  have  some  information  on, 
if  there  is  any  to  be  had. 

Mr.  Schrodt^  : — As  you  all  know,  the  Bureau  of  Standards  has 
been  more  or  less  engaged  in  work  along  this  line,  and  while  the 
rule  that  the  Bureau  has  formulated  is  not  perfect  by  any  means, 
it  is  of  the  same  type  as  the  one  submitted. 

It  embraces  a  few  other  things  than  those  shown  in  this  paper. 
For  instance,  it  gives  a  little  table  of  air  changes,  the  general  classes 
of  service  for  which  one  w^ould  consider  proper  air  changes ;  a  table 
that  would  cover  a  wider  range  than  this  paragraph  on  page 
387,  which  is  confined  to  stores  and  residences  and  one  or  two 
others.  Also  some  of  the  B.t.u.  factors  in  Table  No.  2  could  be 
revised,  possibly  based  on  experimental  data  or  on  average  values 
submitted  by  various  authorities.  Also  the  temperature  lowering' 
efifect  of  wind,  average  winter  wind,  should  be  considered  in  the 
heat  loss  of  buildings. 

The  proposed  rule  of  the  Bureau  takes  into  account  the  location 
of  radiation,  whether  or  not  this  radiation  applies  as  direct  radiation 
or  recessed  or  indirect — this  would  make  the  rule  more  complete ; 
also  whether  the  radiation  is  painted — ordinarily  the  radiation  is 
installed  black  and  some  paint  put  on  the  surface. 

The  circular  that  the  Bureau  is  working  on  is,  in  a  way,  the 
outcome  of  a  year's  work  with  the  Public  Service  Commission  of 
Indiana  which  invited  the  Bureau  to  cooperate  with  them  in  pre- 
paring rules  for  central  station  hot-water  heating.  The  Bureau  had 
a  representative  out  in  some  of  the  central  states  who  gathered 
considerable  information  and  attended  the  hearing  of  the  Indiana 
Commission  in  August,  at  the  time  the  rules  were  adopted.  Since 
that  time  the  Bureau  has  continued  work  on  this  circular,  which 
it  is  proposed  to  publish  as  soon  as  it  has  been  properly  submitted 

1  Bureau   of   Standards,   Washington,    D.    C. 
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to  all  the  various  committees  on  standards.  It  is  very  similar  in 
scope  and  breadth  to  the  circular  on  electric  service  and  the  circular 
on  gas  service  issued  by  the  Bureau.  The  Bureau  will  deem  it  a 
very  great  favor  to  receive  any  comments  or  criticisms  on  the  circular 
from  any  of  you. 

E.  R.  Little  : — In  this  Table  No.  2,  where  the  value  of  i^  is 
determined  for  windows,  I  wonder  if  it  would  not  be  worthy  of 
consideration  to  put  in  a  value  of  K  for  weatherstripped  windows  as 
well  as  for  just  ordinary  windows.  That  might  have  some  bearing 
upon  the  difference  between  the  computed  air  change  and  the  actual 
air  change  secured. 

W.  H.  Driscoll  : — ^While  the  gentleman  was  making  the  report, 
I  made  a  rough  calculation,  taking  into  account  certain  conditions 
which  are  not  impossible,  but  are  conditions  which  we  might  have 
to  meet  in  the  ordinary  run  of  business.  Here  is  a  building  200 
by  200  ft.  on  the  northwest  corner  and  a  similar  building  on  the 
next  block  400  by  100  ft.  According  to  the  calculations  I  have 
made,  for  the  building  200  by  200  ft.  using  the  formula  given  here 
it  would  require  2,885  sq.  ft.  of  radiation.  In  making  this  calcu- 
lation I  have  used  as  a  basis  single  thickness  glass,  13  in.  walls 
furred,  one  air  change  per  hour,  and  a  difference  of  70  deg. 
between  inside  and  outside  temperature.  I  have  assumed  the  glass 
surface  to  be  25  per  cent  of  the  total  exposed  wall.  For  the 
building  400  by  100  we  would  need  2,756  sq.  ft.  of  radiation, 
making  about  125  sq.  ft.  difference  between  the  two  buildings. 

There  is  no  question  that  these  results  are  incorrect — they  do  not 
balance.  For  a  building  that  has  a  400  ft.  frontage,  exposed  to  the 
wind,  the  heat  loss  due  to  leakage  is  certainly  going  to  be  greater 
than  if  it  has  only  200  ft.  exposed  to  the  wind  and  the  loss  due  to 
leakage  is  so  great,  as  compared  to  the  loss  through  walls  and  win- 
dows, as  to  make  the  latter  quantities  almost  negligible.  This  report 
and  this  method  of  figuring  radiation  may  meet  all  the  requirements 
of  the  National  District  Heating  Association,  but  I  think  we  would 
be  making  a  serious  mistake  if  we  were  to  agree  with  it  publicly. 

I  think  the  first  job  Dean  Allen  should  tackle  is  to  find  out  and 
tell  us  how  to  figure  radiation,  and  how  to  determine  heat  losses 
and  to  establish  standards.  We  must  first  establish  a  certain  definite 
loss  through  glass,  a  certain  definite  loss  through  various  types 
of  construction,  and  a  certain  definite  leakage  through  the  window 
perimeter,  and  all  of  these  losses  must  be  based  on  certain  definite 
wind  pressures  with  factors  fixed  to  cover  varying  wind  intensities. 
The  different  chapters  and  different  sections  of  these  organizations 
must  work  together  to  find  out  the  prevailing  wind  conditions  in 
the  territories  in  which  they  work,  and  adopt  standards  suitable  to 
their  localities. 

The  present  confused  condition  is  due,  not  so  much  to  the  fact 
that  we  are  lacking  in  knowledge,  as  that  we  do  not  work  in  har- 
mony and  that  we  do  not  work  from  the  same  fixed  point.  Conse- 
quently, the  results  secured  vary  in  almost  direct  proportion  to  the 
variation  in  the  starting  points. 
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H.  R.  Wetherell: — The  answer  to  Air.  Hart's  question  about  air 
changes  is  on  page  388  of  the  report.  I  understand  it  is  very  hard 
to  set  down  a  definite  standard  as  to  how  many  air  changes  should 
be  figured  for  different  types  of  buildings,  it  all  depends  entirely 
on  the  use  for  which  the  building  is  constructed  and  on  the  judg- 
ment of  the  man  who  measures  the  building.  I  do  not  believe  a 
report  could  be  made  so  detailed  that  the  judgment  of  the  engineer 
would  not  have  to  come  into  it  to  some  extent.  In  formulating 
this  rule,  however,  it  has  been  the  effort  to  eliminate  the  necessity 
for  judgment  on  the  part  of  the  engineer  as  much  as  possible  and 
still  not  come  to  standards  which  absolutely  could  not  be  made. 
However,  in  the  second  paragraph  on  page  388  it  says  :  "Tn  computing 
required  radiation  for  well  constructed  residences  and  office  build- 
ings, good  practice  allows  one  change  of  air  per  hour ;  well  con- 
structed store  buildings,  two  changes  per  hour.  For  buildings  of 
loose  construction  and  those  employing  some  method  of  forced  venti- 
lation, more  changes  per  hour  wull  be  considered,  depending  upon 
the  existing  conditions  of  the  building  and  ventilating  system." 

I  might  state  that  I  represent  a  company  which  operates  ten  dif- 
ferent heating  companies  in  the  four  states  of  Indiana.  Ohio,  Illinois 
and  Michigan.  When  I  was  put  in  charge  of  these  properties  about 
four  and  a  half  years  ago  I  found  that  each  one  of  the  companies 
was  using  a  dift'erent  rule  for  figuring  radiation.  They  were  all 
w^hat  are  called  short-cut  rules  or  rule-of-thumb  methods.  The 
company  with  which  I  w^as  pre\'iously  connected  had  used  a  so- 
called  rule,  and  with  what  might  be  called,  luck,  in  estimating  build- 
ings, obtained  very  satisfactory  results.  The  rule  used  was  as  fol- 
lows :  Multiply  content  by  0.0026,  the  wall  By  0.08  and  the  glass  by 
0.42 ;  adding  the  three  results  gives  the  total  radiation.  That 
formula  worked  very  well  until  the  modern  systems  of  heating  came 
into  vogue.  In  other  words,  as  long  as  the  old  one-pipe  gravity 
type  with  no  reducing  valves  in  the  main  and  with  the  radiation 
formula  based  on  1  lb.  pressure  steam,  the  buildings  nearer  the 
station  were  getting  anywhere  from  1  lb.  to  10  or  15  lb.,  depending 
upon  the  pressure  carried  at  the  station.  The  buildings  were  getting 
higher  .temperature  steam  and  therefore  got  by  nicely.  But  the 
minute  vapor  or  atmospheric  systems  were  installed,  where  the  pres- 
sure was  reduced  at  the  main  valve  to  3  or  4  oz.,  we  found  there 
was  not  enough  radiation  in  the  buildings.  Then  is  when  we  used 
the  so-called  B.t.u.  method,  a  type  of  formula  very  similar  to  this, 
although  the  actual  factors  for  building  materials  were  different. 
We  have  been  following  that  rule  four  and  a  half  years  with  good 
success.  W^e  figure  70  deg.  to  10  deg.  below  zero  in  all  the  towns 
except  Evansville,  Indiana,  where  we  figure  70  deg.  to  zero. 

Mr.  Schrodt  asked  a  question  about  the  factors  in  Table  2.  Pro- 
fessor Hoffman  happened  to  be  a  member  of  this  committee  and 
he  was  asked  to  suggest  these  factors.  After  he  suggested  them  a 
copy  was  sent  to  Professor  Willard.  of  the  University  of  Illinois, 
and  to  Professor  Allen.  They  both  criticised  the  glass  factors, 
which  were  afterwards  raised.  The  original  figure  for  the  value 
of  K  was  1,  instead  of  1.25.     While  I  cannot  say  that  Professor 
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Allen  and  Professor  Willard  have  absolutely  approved  this,  they 
at  least  made  their  criticism  on  the  original  factor  suggested  by 
Professor  Hofifman,  and  those  criticisms  were  taken  into  account 
and  the  changes  made. 

In  regard  to  Mr.  Schrodt's  question  in  reference  to  the  wind, 
Table  3,  of  course,  gives  the  percentage  to  be  added  for  exposures 
other  than  southern,  which  takes  into  account  the  effect  of  the 
wind  to  a  certain  extent. 

Answering  Mr.  Little's  question,  some  formulae  or  rules  for 
figuring  the  radiation,  making  tables  similar  to  Table  2,  include  tight 
and  loose  windows.  I  do  not  agree  with  that  method.  I  feel  that 
in  figuring  the  glass  the  square  feet  of  glass  surface  should  be 
figured,  and  if  that  window  is  loose  it  comes  under  the  air  changes 
and  not  the  glass  factors.  The  leakage  around  windows  should  also 
be  included  in  the  air  changes,  not  in  the  glass. 

Weatherstriped  windows  are  not  often  found  in  district  heated 
buildings.  The  factors  are  intended  for  tight  windows  and  well 
constructed  buildings  contain  tight  windows.  In  our  company  we 
generally  make  an  extra  allowance  for  the  weatherstriped  window. 

Referring  to  the  last  gentleman's  remarks  in  regard  to  published 
rules  and  the  advisability  of  publishing  this  one,  I  do  not  think  it 
would  be  an  innovation  to  publish  this  rule.  In  fact,  there  are  any 
number  of  rules  of  this  very  type,  although  probably  not  using  the 
same  factor,  that  are  being  published  at  the  present  time.  There 
is  a  rule  which  I  think  is  referred  to  as  the  National  District  Heat- 
ing Rule,  although  it  has  never  been  approved  by  the  National 
District  Heating  Association.  The  only  rule  I  know  of  that  could 
be  called  a  National  District  rule  is  a  rule  Professor  Veale,  for- 
merly with  Purdue  University,  drew  up  at  one  time,  and  which 
was  published  in  the  bulletin  of  the  District  Heating  Association. 
The  American  District  Steam  Company  published  a  rule  very  similar 
to  this  in  a  book  given  out  with  reference  to  their  particular  system, 
and  there  are  ten  or  a  dozen  dift'erent  rules  of  this  type  that  have 
been  published. 

In  regard  to  figuring  the  two  buildings,  I  believe  that  if  a  man 
went  into  those  buildings  and  actually  'figured  them  and  if  there 
was  a  400  ft.  exposure  to  the  north  and  he  figured  the  glass  ex- 
posure on  that  side  according  to  his  judgment  and  air  changes,  that 
the  final  figures  would  probably  show  more  radiation,  a  greater 
difference  in  the  true  radiation  than  given  here.  The  north  ex- 
posure factor  would  take  care  of  the  wind,  leakage  around  the 
windows,  etc. 
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CRACKING  OF  CAST-IRON  SECTIONAL  HOT 
WATER  BOILERS 

By   Charles   R.   Honiball,   Liverpool,   England 
Member 

THE  primary  object  of  this  paper  is  to  promote  a  frank  dis- 
cussion on  a  few  practical  matters  connected  with  the  design, 
construction,  deterioration,  and  working  of  plant  comprising 
the  boiler-house  section  of  "gravity"  and  "accelerated"  hot  water 
heating  installations,  and  in  particular  of  those  operated  by  cast- 
iron  sectional  boilers. 

Of  the  repairs  necessary  from  time  to  time  to  maintain  heating 
installations  in  efficient  working  order,  those  requiring  the  renewal 
of  defective  boiler  sections,  are  the  most  important.  Though,  the 
percentage  of  such  breakdowns  is  relatively  small  as  compared 
with  the  number  of  boilers  in  operation,  they  are  sufficiently  numer- 
ous to  warrant  an  investigation  of  the  causes  which  tend  to  their 
development.  In  pre-war  days,  replacements  could  be  obtained 
quickly  and  repairs  carried  out  with  a  minimum  of  inconvenience 
and  expense.  During  the  war,  w^hen  the  machinery  and  plant  of 
practically  every  boiler  manufacturer  was  requisitioned  for  war 
service  requirements,  replacements  were  often  unobtainable,  par- 
ticularly for  private  work.  As  a  result  of  this,  engineers  were 
compelled  to  direct  their  efforts  to  temporary  repairing  by  patch- 
ing, welding,  etc.  But  often  owing  to  the  nature  and  position  of 
the  fracture,  repairs  were  unsuccessful  or  impracticable.  In  some 
instances  of  fractured  back  and  front  sections,  it  was  possible  to 
blank  off  the  sections  with  dummy  nipples ;  in  others,  the  defective 
sections  were  removed  and  the  remaining  sections  closed  together, 
the  installation  then  being  worked  under  reduced  boiler  power. 
Repairs  under  these  circumstances  were  more  or  less  costly,  and 
cases  of  breakdown  became  more  generally  known,  often  producing 
a  feeling  of  insecurity  and  dissatisfaction,  and  were  frequently  cited 
to  create  a  prejudice  against  this  class  of  boiler. 

During  the  past  few  years  boilers  have  in  many  instances,  been 
subjected  to  very  severe  working  conditions.  The  use  of  inferior 
or  improper  fuel,  careless  stoking  by  all  manner  of  inexperienced 
persons,  neglect  and  inattention  to  essential  details  and  many  other 
factors,  tended  to  produce  conditions,  which  happily  do  not  occur 
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so  frequently  in  normal  times.  Further  to  meet  war  service  require- 
ments, old  and  new  installations  have  been  operated  to  the  utmost 
of,  and  often  beyond,  the  limits  of  their  capacity,  producing  exces- 
sive working  loads,  which  set  up  stresses  and  strains  far  in  excess 
of  those  calculated  upon  during  their  design.  That  breakdowns 
occurred  under  such  circumstances  is  not  surprising,  but  the  full 
effect  of  these  abnormal  conditions  will  not  become  manifest  until 
later  on.  The  experience  gained,  however,  is  invaluable  and  if 
correctly  applied  will  lead  to  further  improvements  and  develop- 
ments. 

Many  cases  of  breakdown  have  come  under  my  personal  observa- 
tion, and  particulars  of  many  more  received  from  outside  sources. 
It  is  not  my  intention  to  give  details  of  these  cases,  except  in  a 
general  way,  for  no  useful  purpose  would  be  achieved  thereby. 
Members  by  reason  of  their  experience  are  familiar  with  the  gen- 
eral facts  of  such,  and  have  already  arrived  at  certain  conclusions 
in  reference  to  them.  Therefore,  our  primary  object  should  be, 
to  concentrate  the  whole  of  our  experience  and  knowledge  to  deter- 
mine the  causes  which  tend  to  the  development  of  leakage  or  frac- 
ture in  heating  boilers,  and  the  consideration  of  practical  methods 
to  be  adopted  to  prevent  or  minimize  the  risk  of  their  occurrence 
in  the  future. 

Cast-iron  section  hot- water  boilers  of  today,  are  of  excellent 
manufacture,  carefully  constructed  and  designed  for  the  important 
functions  they  perform  in  the  completed  heating  installation.  All 
engineers  fully  appreciate  the  difficulties  incidental  to  the  produc- 
tion of  sound  castings,  such  as  boiler  sections,  which  must  be 
capable  of  resisting,  not  only  the  stresses  induced  in  the  material 
by  fluid  pressure  in  their  water-ways,  but  also  those  induced  by 
the  varying  degree  of  heat  intensity  on  the  outside,  and  in  addi- 
tion, those  imposed  by  expansive  and  contractive  effects  of  the 
connecting  pipes  and  fittings,  etc.  With  a  material  like  cast  iron, 
which  is  relatively  weak  in  tension  as  compared  with  wrought 
iron  or  steel,  the  manufacturer  has  constantly  to  exercise  great 
skill,  judgment  and  experience  in  such  points  as  the  following: 
(a)  Careful  selection  of  his  material;  (5)  design  of  the  casting 
with  broad  rounded  surfaces,  well  rounded  edges  and  filleted  hol- 
lows; (c)  arrangement  of  the  water-way  members  to  ensure  rea- 
sonable flexibility  and  avoid  the  induction  of  local  contractive 
stresses  at  junctions,  etc. ;  (d)  suitable  proportioning  of  the  thick- 
ness of  metal  to  safely  withstand  the  total  working  load,  and  to 
provide  for  deterioration  or  excessive  wear,  maintain  uniformity  in 
thickness  as  far  as  possible  with  avoidance  of  sharp  change  in 
section  when  same  is  necessary;  (e)  precautions  to  ensure  freedom 
from  blow  and  sand  holes,  sponginess,  lamination,  and  to  prevent 
flash  of  metal  and  displacement  of  cores ;  (/)  provisions  to  ensure 
a  uniform  rate  of  cooling  of  the  casting  in  the  mould,  to  reduce  to 
a  minimum  the  induction  of  prejudicial  stresses  or  strains  in  any 
part  of  the  casting;  (g)  accurately  machining  of  the  sections  to 
secure  interchangeability,  and  to  facilitate  assembling  during  instal- 
lation, further  extension  or  replacement. 


Cracking  of  Cast  Iron  Boilers,  C.  R.  Honiball  399 

The  foregoing  precautions  if  reasonably  carried  out  should  tend 
to  the  production  of  sound  boiler  sections.  There  is  of  course, 
the  possibility  of  hidden  blow  and  sand  holes,  spongy  spots, 
prejudicial  local  stresses  in  the  waterway  members,  etc.,  which 
inspection  and  testing  by  hydraulic  pressure  at  the  works  do  not 
always  reveal,  and  which  only  become  manifest  after  the  boiler 
has  been  installed  and  is  in  operation.  Speaking  generally,  the  opinion 
is  that  breakdowns  are  not  due  to  faulty  design  or  construction  of 
the  boiler,  and  that  we  can  reasonably  assume  the  manufacturer 
has  carried  out  his  part  of  the  work  satisfactorily,  and  any  failures 
which  may  ultimately  occur,  other  than  those  due  to  the  causes 
named,  are  mainly  due  to  causes  beyond  his  control. 

It  will  be  conceded  that  accumulation  of  deposit  or  scale  in  the 
water-ways  of  boiler  sections,  particularly  those  over  the  fire, 
tends  to  overheating,  but  the  possibility  of  overheating  occurring 
when  the  water-ways  are  clean,  is  not  so  generally  known  or  under- 
stood. The  great  heat  absorbing  property  of  water  is  well  known, 
and  also  the  fact  that  clean  surfaces  entirely  covered  by  water 
cannot  be  overheated.  It  is,  therefore,  logical  to  assume,  that 
overheating  of  clean  metallic  surfaces  is  only  possible  when  they 
are  separated  from  a  layer  of  water  by  a  layer  of  air  or  steam. 
Evidence  is  available  which  conclusively  proves  that  overheating  has 
taken  place  in  hot-water  heating  boilers. 

A  careful  consideration  of  the  data  and  particulars  of  two  specific 
cases  of  fracture,  and  the  general  conclusions  arrived  at  after  a 
full  investigation,  will  assist  to  illustrate  this  point.  Under  head- 
ings A  and  B  are  brief  statements  of  the  reports : — 

A.  This  plant  comprises  two  cast-iron  sectional  hot-water  heat- 
ing boilers,  each  rated  for  ?,7oO  sq.  ft.  of  radiation.  The  building 
warmed  is  of  large  size  and  the  piping  is  divided  roughly  into 
two  portions.  In  one  half  of  the  building  the  heating  is  effected 
by  means  of  the  overhead  or  "drop"  system,  whilst  in  the  other 
half  of  the  building  the  two-pipe  system  is  adopted.  The  two  sys- 
tems are  accelerated  by  an  electrically  driven  centrifugal  pump. 
On  the  two-pipe  system  there  were  no  vent  pipes  whatever,  but 
on  the  drop  system  two  3^  in.  vent  pipes  are  situated  at  high  level. 
No  steam  escape  pipes  were  fitted  on  the  boilers  and  the  usual  by- 
pass arrangement  was  fitted  in  the  pump  piping  layout.  In  the 
case  of  one  of  the  boilers,  three  sections  failed  and  one  in  the  other. 

On  investigating  the  causes,  it  was  shown  that  the  cracking  in 
each  case  took  place  about  the  centre  of  the  water-bridge  immedi- 
ately oyer  the  fire.  An  accumulation  of  deposit  was  noted  in  these 
with  evidence  of  overheating.  It  was  also  ascertained  that  in 
cleaning  fires,  an  operation  which  occupied  about  an  hour,  the 
accelerator  was  stopped  and  afterwards  suddenly  started,  but  the 
by-pass  valve  was  opened  when  pump  was  stopped. 

In  view  of  the  foregoing  we  were  inclined  to  think  that  as  there 
was  practically  no  movement  in  the  system  due  to  gravity,  imme- 
diately the  accelerator  was  stopped  the  temperature  of  the  water 
in  the  boiler  would  rise,  which  fact  is  clearly  shown  by  the  tem- 
perature charts,  a  rapid  rise  of  50  deg.  being  recorded.     It  is  also 
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probable  that  steam  would  be  formed  at  a  pressure  due  to  the  head 
of  water,  this  being  equivalent  to  about  35  lb.  per  sq.  in.  The 
stoppage  of  circulation  combined  with  deposit  in  the  water  bridge 
would  bring  about  local  overheating  and  on  the  pump  being  sud- 
denly started  after  standing  about  an  hour,  comparatively  cold 
water  would  be  forced  into  the  boilers,  which  coming  into  contact 
with  the  overheated  parts  would  set  up  severe  contractive  stresses 
and  bring  about  the  fracturing  of  the  sections. 

B.  The  plant  in  this  case  comprised  five  large  sectional  boilers 
working  on  the  accelerated  system.  No  escape  pipes  were  fitted 
on  the  boilers.  Fracturing  of  the  sections  developed  in  two  of 
the  boilers  and  the  result  of  investigation  tended  to  show  that  the 
cracking  took  place  after  the  accelerator  had  been  stopped.  It  was 
further  shown  that  steam  was  noted  to  issue  from  vent  pipes  fitted 
on  the  main  flow  in  the  event  of  the  accelerator  being  stopped. 
These  vent  pipes  were  fitted  following  the  failure  of  the  sections 
and  instead  of  fitting  vent-pipes  direct  to  the  boilers. 

In  order  to  ascertain  whether  accumulation  of  deposit  was  a 
contributory  cause  to  the  failure  of  the  sections,  several  of  these 
were  broken  up  and  in  each  case  the  sections  were  found  clean  on 
the  water  side. 

The  general  results  of  the  investigations  tend  to  broad  conclu- 
sions as  to  what  is  necessary  to  avoid  cracking,  such  as  easy  and 
equable  working,  avoidance  of  air  locks  or  steam  formation,  con- 
tinuous circulation  and  avoidance  of  deposit.  Forced  circulation  is, 
of  course,  very  useful  in  many  cases,  but  the  appliances  used  for 
forcing  the  circulation  sometimes  stop  and  then  the  question  arises 
as  to  the  sequence  of  working  conditions  resulting  from  this  stop- 
page. Our  general  conclusion  is  that  we  prefer  from  the  point 
of  view  of  the  risk  of  cracking,  natural  circulation,  but  where 
forced  circulation  is  adopted,  a  duplicate  or  stand-by  circulator 
should  be  fitted,  and  when  cleaning  fires,  the  pump  should  be  kept 
in  continuous  operation.  And  in  large  systems  where  steam  is  liable 
to  be  developed  in  the  boiler,  a  steam  escape  pipe  should  be  fitted. 

The  general  results  of  the  investigations  of  these  two  cases  and 
the  broad  conclusions  deduced  therefrom,  are  of  great  importance, 
as  they  offer  a  reasonable  explanation  of  the  probable  cause  of 
breakdown  in  boilers  of  "gravity"  and  "accelerated"  systems.  Past 
experience  furnishes  many  instances  of  working  conditions  which 
tend  to  the  formation  of  steam  in  the  apparatus,  such  as  for  in- 
stance, "boiling,"  due  to  forced  and  excessive  firing,  causing  the 
violent  ejection  of  steam  and  water  from  expansion  and  air  pipes; 
overflow  of  water  from  expansion  tank  by  "backing-up"  the  feed 
pipe,  etc.,  closing  down  valves  or  otherwise  retarding  circulation, 
shutting  down  radiation,  etc.,  the  boiler  fire  in  the  meanwhile  being 
maintained  at  full  strength  with  damper  wide  open.  Instances  are 
recorded  of  attendants  who  after  fully  charging  the  boiler  with 
fuel  for  the  night,  omitted  to  shut  down  the  damper,  and  often 
also  closed  down  valves  and  circulations.  When  we  remember  that 
heating  boilers  are  provided  with  large  fuel  capacity  to  enable  the 
apparatus  to  run  for  many  hours  on  one  charge  of  fuel,  we  can 
readily  conceive  the  state  of  afi^airs  some  hours  later  under  these 
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circumstances,  and  the  prejudicial  straining  set  up  in  consequence. 
Assuming  conditions  such  as  these  to  occur  on  many  occasions,  even 
though  of  short  duration,  it  is  logical  to  deduce  that  deterioration 
will  gradually  develop  by  the  induction  of  local  contractive  stresses, 
until  the  time  arrives  when  the  limit  of  strength  is  reached  and  the 
boiler  fails  by  leakage  or  fracture. 

To  ensure  an  equal  distribution  of  return  water  to  the  inlets  of 
each  water-way  and  a  uniform  rise  of  temperature,  from  that  of  the 
return  inlet  to  that  of  the  flow  outlet,  on  its  passage  through  each 
section,  though  desirable,  is  probably  difficult  of  attainment  in  prac- 
tice. There  are  many  controlHng  factors.  For  example,  variation 
in  the  rate  of  heat  transmission  occurs  at  different  parts  of  the 
surface  of  individual  sections  and  in  the  total  heat  transmission  of 
each  section  when  compared  one  with  the  other,  according  to  the 
relative  proportion  of  surface  exposed  to  radiation  and  conduction 
of  the  burning  fuel  in  the  firebox  or  gases  in  the  flue  passages.  With 
possible  variation  of  heat  intensity,  it  is  reasonable  to  assume,  that 
different  water  velocities  are  set  up  in  the  sections,  influenced  also, 
by  short-circuiting,  relative  position  of  the  flow  and  return  branches, 
water-way  area  of  connecting  nipples,  and  varying  velocity  of  the 
entering  water  of  "gravity"  and  "accelerated"  systems,  etc.  It  is 
also  possible  that  the  combined  effect  of  heat  intensity,  water 
velocity,  short-circuiting,  etc.,  will  develop  in  favorably  situated 
sections,  causes  which  tend  to  retard  the  circulation  in  sections  not 
so  favorably  situated,  setting  up  in  the  latter  conditions  which  tend 
to  promote  steam  generation  and  cavitation,  which  if  maintained, 
or  accelerated  by  forced  or  excessive  firing,  for  a  sufficient  period 
of  time,  result  in  local  overheating  and  consequent  failure. 

To  what  degree  the  circulating  condition  in  a  boiler  is  influenced 
by  the  relative  position  of  the  flow  and  return  branches,  and  water- 
way area  of  the  connecting  nipples  and  sections,  is  interesting  from 
the  fact  that  diversity  of  arrangement  exists  in  practice.  In  some 
installations  we  note  the  return  branches  are  fitted  at  the  front 
end  of  the  boiler  and  the  flows  on  the  back  sections ;  in  others, 
the  reverse  order  is  observed ;  while  in  others  the  flow  and  return 
are  fitted  on  the  same  section,  and  these  arranged  in  some  inter- 
mediate position  relative  to  the  front  and  back  of  the  boiler.  I 
am  not  aware  that  this  phase  of  the  question  has  been  discussed 
in  this  Society  or  in  the  technical  press,  and  it  appears  to  be 
worthy  of  the  consideration  of  designers  and  engineers.  It  is  prob- 
able that  members  and  makers  have  records  and  particulars  of 
boiler  tests  covering  these  points,  which  if  collected  and  recorded 
in  our  Transactions  would  be  of  very  great  importance  and  value 
to  the  profession  generally. 

If  then  the  formation  of  steam  in  the  boiler  be  accepted  as  one 
of  the  contributory  factors  which  lead  to  breakdown  by  fracture, 
the  obvious  remedy  is  to  fit  an  escape  steam  pipe  to  every  hot- 
water  heating  boiler.  In  any  recommendation  such  a  pipe  might 
be  defined  to  be:  "A  clear  direct  pipe  of  such  size  as  will  admit 
of  the  free  escape  of  steam  as  it  is  generated."  The  determination 
of  suitable  sizes  requires  consideration,  and  should  be  based  on  the 
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heating  power  of  the  boiler.  It  is  probable  also,  if  the  pipe  is  of 
small  diameter,  say,  ^  in.  bore,  that  the  bubbles  of  steam  would  not 
freely  escape  through  the  water,  but  that  the  water  would  be  forced 
before  the  steam  like  a  piston.  Hence  it  would  appear  to  be 
advisable  to  decide  a  minimum  size  for  low  rated  boilers. 

With  reference  to  the  point  of  connection  of  escape  steam  pipe 
to  each  boiler,  this  requires  consideration  and  may  probably  be 
influenced  by  the  relative  position  of  the  flow  and  return  branches. 
The  pipe  should  be  arranged  with  sufficient  "rise"  to  ensure  free 
discharge  of  steam,  and  be  protected  from  effects  of  frost  where 
necessary.  The  situation  of  the  discharge  end  requires  considera- 
tion, possibly  a  dish  round  the  end  of  the  pipe  would  be  useful 
so  that  when  the  steam  has  escaped  any  water  blown  off  will  run 
back  into  the  pipe  or  into  the  feed  tank. 

The  following  formula  based  on  the  heating  power  of  the  boiler 
will  be  useful  as  a  basis  for  determining  suitable  sizes  of  steam 
escape  pipes : 


BORE  IN  INCHES 


=:  V  B.t.u.  X  .00001  X  C 


where  B.t.u.  represents  the  maximum  heating  power  of  the  heat- 
ing boiler  in  British  thermal  units  per  hour,  and  C,  a  constant  which 
may  be  varied  to  suit  circumstances. 

Table  1  gives  diameters  of  orifice  calculated  from  this  formula 
for  boiler  powers  ranging  from  100,000  B.t.u.  to  2,000,000  B.t.u.  per 
hour,  and  for  varying  values  of  C  ranging  from  unity  to  0'5. 

In  determining  sizes  for  a  battery  of  two  or  more  boilers,  the 
flows  of  which  are  fitted  with  stop  valves,  it  would  then  be  neces- 
sary to  fit  a  pipe  to  each  boiler,  and  connect  these  to  one  common 
exhaust  pipe  leading  above  water  level  of  the  system.  In  this  case, 
the  pipe  for  each  boiler  will  be  calculated  from  its  B.t.u.  rating, 
and  that  of  the  common  exhaust  pipe  from  the  combined  B.t.u. 
rating  of  all  the  boilers.  For  example,  suppose  there  are  two 
boilers  in  battery,  each  rated  800,000  B.t.u.  per  hour,  or  a  total  of 
1,600,000  B.t.u.,  the  pipes  on  each  boiler  will  be  2  in.  diameter, 
and  the  common  exhaust  2^  in.  diameter.  Or  if  four  boilers,  each 
400,000  B.t.u.  rating,  then  the  pipe  on  each  boiler  would  be  1^  in. 
and  the  common  exhaust  2y^  in.  In  the  case  where  all  the  flows 
pass  direct  into  a  common  collecting  chamber,  there  being  no  stop 
valves  on  the  flow  branches,  one  escape  pipe  calculated  from  the 
total  rating  would  probably  be  adopted. 

In  determining  contributory  cause  of  fracture  at  nipple  bosses, 
investigation  often  shows  they  are  due  to  want  of  care  when 
assembling  the  sections.  In  a  recorded  case,  several  sections  frac- 
tured after  a  few  months  working,  and  what  is  perhaps  unusual, 
many  of  the  nipples  fractured  right  through  circumferentially. 
Inquiry  brought  to  light  the  fact  that  the  workman  when  assembling 
the  sections,  increased  the  leverage  of  his  spanner  to  about  3  ft., 
and  screwed  up  the  connecting  bolts  very  tightly.  It  is  not  sur- 
prising, therefore,  that  the  boiler  broke  down.  Makers  issue  ver)' 
explicit  instructions  as  to  the  care  which  must  be  taken  during 
erection,  and  I  think  all  members  will  agree  that  if  these  are  rea- 
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sonably  carried  out,  break-down  due  to  this  cause  will  be  unknown. 
Fractures  of  this  character  are  sometimes  attributed  to  the  slow 
degree  of  nipple  taper ;  though  this  may  be  possible  in  such  cases  as 
recorded  above,  it  cannot  possibly  occur  if  reasonable  care  is  exer- 
cised. All  will  agree  that  the  present  system  of  connecting  boiler 
sections  together  by  plain  cast-iron  taper  nipples  is  satisfactory  in 
every  respect.  It  is  an  ideal  joint,  simple,  easy  to  connect  or  discon- 
nect, metallic,  and  perfectly  fluid-tight  under  a  minimum  end-seating 
pressure.  I  feel  sure  the  taper  adopted  is  the  result  of  years  of 
experience  and  experiment,  and  n©  valid  reason  exists  for  change  of 
taper.  Fracture  in  the  vicinity  of  nipple  bosses  occurring  after 
years  of  service,  are  not  so  simply  explained.  Probably  they  are 
due  to  a  combination  of  circumstances  caused  by  occasional  abnormal 


TABLE   1. 

STEAM 

ESCAPE 

PIPES   FOR 

HOT-WATER   HEATING 

BOILERS 

Boiler  Power 

Bore  of  Pipe  in  inches,  with 

values  of ' 

"C"  given 

below 

in  B.t.u. 

per  Hour 

C=  1.00 

0.90 

0.80 

0.70 

0.60 

0.50 

100.000 

1.00 

0.90 

0.80 

0.70 

0.60 

0.50 

200,000 

1.26 

1.09 

1.01 

0.88 

0.76 

0.63 

300,000 

1.44 

1.30 

1.15 

1.01 

0.87 

0.72 

400,000 

1^9 

1.43 

1.27 

1.11 

0.95 

0.80 

500,000 

1.71 

1.54 

1.37 

1.20 

1.03 

0.85 

600,000 

1.82 

1.64 

1.45 

1.27 

1.09 

0.91 

700,000 

1.91 

1.72 

1.54 

1.34 

1.15 

0.95 

800,000 

2.00 

1.80 

1.60 

1.40 

1.20 

1.00 

900,000 

2.07 

1.86 

1.66 

1.45 

124 

1.04 

1,000,000 

2.15 

1.94 

1.72 

1.51 

1.29 

1.08 

1,100,000 

2.22 

2.00 

1.78 

1.56 

1.33 

1.11 

1,200,000 

228 

2.05 

1.83 

1:60 

1.37 

1.14 

1,300,000 

2.35 

2.12 

1.88 

1.65 

1.41 

1.18 

1,400.000 

2.41 

2.17 

1.93 

1.69 

1.45 

1.21 

1,500,000 

2.47 

2.22 

1.97 

1.73 

1.48 

1.24 

1,600,000 

2.52 

2.27 

2.02 

1.76 

1.51 

1.26 

1,700,000 

2.57 

2.32 

2.06 

1.80 

1.54 

1.29 

1.800,000 

2.62 

2.36 

2.10 

1.83 

1.57 

1.31 

1,900,000 

2.66 

2.40 

2.13 

1.86 

1.60 

1.33 

2,000.000 

2.71 

2.44 

2.17 

1.90 

1.63 

1.36 

working  of  the  boiler,  local  contractive  stresses  in  the  material, 
want  of  flexibility  in  connecting  pipes,  etc.  Careful  layout  of  the 
piping  of  single  units  and  batteries  of  boilers,  all  will  agree,  is  of 
paramount  importance.  Every  care  should  be  taken  to  ensure  reason- 
able flexibility  at  all  points  with  ample  clearance  for  expansion  and 
contraction,  thereby  avoiding  unnecessary  straining  of  the  boiler. 

The  strains  set  up  in  the  connecting  pipes  when  cold,  often  become 
manifest  by  the  springing  back  of  sections  when  disconnecting  them 
for  repairs,  and  often  the  bolts  fracture  under  the  load  required 
to  reseat  the  nipples.  Long  bolts  which  pass  through  the  boiler 
sections  sometimes  deteriorate  by  corrosion  and  the  holes  fill  up 
with  carbonized  material,  and  often  require  considerable  force  to 
remove  them  and,  not  infrequently,  recourse  to  the  saw.  It  there- 
fore appears  desirable  that  bolts  should  be  provided  with  ample  sec- 
tional area  to  allow  for  deterioration,  the  holes  made  with  plenty  of 
clearance,  and  both  protected  as  far  as  possible  from  the  influence 
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of  the  fire,  etc.  Short  bolts,  being  placed  outside  the  sections,  are 
not  subject  to  the  influence  of  the  hre,  and  are  easy  to  disconnect 
or  replace. 

Durabihty  of  heating  apparatus,  particularly  of  the  boiler,  is  a 
matter  of  first  importance.  It  is  often  remarked  that  cast  sectional 
boilers  are  not  so  durable  as  wrought  iron  saddle  boilers,  and  many 
instances  where  the  former  require  replacement  after  a  compara- 
tively short  working  life,  tend  to  support  this  opinion.  Some  time 
ago  a  cast  sectional  boiler  replaced  a  saddle  boiler  which  had  been 
in  service  34  years,  and  was  still  in  excellent  condition ;  apart  from 
the  question  of  fuel  economy,  it  was  still  useful  for  further  years  of 
service.  In  another  instance,  a  saddle  boiler  which  had  been  in 
operation  about  30  years  was  replaced  by  a  cast  sectional  boiler, 
and  the  latter  required  renewing  aft^r  about  nine  years  service.  It 
is  such  cases  which  cause  misgiving  in  the  minds  of  users,  and 
probably  members  can  quote  many  similar  cases.  I  think  this  ques- 
tion requires  careful  consideration.  Members  would  materially 
assist  by  citing  authentic  cases  of  long  life,  and  the  contributory 
cause  of  failure  of  others  which  have  to  be  renewed  after  a  com- 
paratively short  working  service.  Information  of  this  character  is 
of  the  greatest  value  to  designers,  engineers  and  manufacturers,  and 
I  feel  sure  the  latter  would  welcome  such  information  and  give 
every  assistance  in  their  power  to  ensure  durability  at  all  parts  of 
the  boiler. 

A  few  instances  of  deterioration  in  boilers  which  have  come  under 
my  personal  observation  will  be  of  interest.  In  some  boilers  I  have 
noted  that  "thinning"  of  metal  occurs  at  the  bottom  of  the  sections 
in  the  firebox.  In  some  cases,  when  tested  by  drilling  or  breaking 
up  the  section,  the  metal  has  often  been  found  to  be  not  more  than 
1/16  in.  thick.  Considerable  scaling  has  been  observed  in  the  upper 
parts  of  the  sections,  particularly  where  inaccessible  for  cleaning, 
etc.  Often  it  has  been  noted  that  when  the  scale  is  removed,  leak- 
age develops.  Many  reasonable  explanations  have  been  advanced, 
such  as,  corrosion  inside  the  section  by  action  of  water,  etc. ;  abra- 
sive action  of  the  fuel,  and  careless  use  of  stoking  and  cleaning 
tools ;  corrosion  due  to  condensation  combining  with  fuel  in  fire- 
box and  soot,  etc.,  in  the  flue  passages ;  dampness  and  occasional 
flooding  of  the  heating  chamber,  etc. 

The  deepening  of  the  ashpit  by  excavation  or  by  raising  the 
boiler  on  brickwork  is  generally  recommended.  In  cases  where  the 
additional  height  can  be  permitted,  it  would  be  better  to  increase 
the  depth  of  the  boiler  stand.  I  recommend  the  adoption  of  two 
patterns,  one  say,  the  usual  standard  and  the  other,  say,  about  4  in. 
deeper,  the  manufacturer  quoting  the  extra  cost  of  the  latter. 

There  are  many  other  interesting  points  in  connection  with  this 
subject  which  require  consideration,  and  probably  many  of  these 
will  arise  out  of  the  discussion.  I  hope,  however,  every  member 
will  give  the  points  raised  in  this  paper  their  careful  consideration, 
that  after  a  full  discussion  of  the  whole  subject  from  every  stand- 
point, recommendations  will  be  framed,  which  if  carried  out,  will 
reduce  to  a  minimum,  cracking  and  deterioration  of  cast-iron  sec- 
tional hot-water  heating  boilers. 
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DISCUSSION 

P.  M.  O'Connell: — One  thing  interesting  in  this  article  is  the 
fact  that  abroad  the  boilers  must  be  built  more  substantially  than 
in  this  country.  I  notice  a  very  high  pressure  is  carried.  35  lb.  is 
rather  extreme  in  this  country  for  cast-iron  boilers.  I  notice  this 
paper  does  not  speak  of  the  way  cast-iron  boilers  should  be  con- 
nected up.  I  have  been  wondering  if  it  would  not  be  an  advantage 
to  the  trade  if  the  manufacturers  of  cast-iron  boilers  would  show 
us  what  they  recommend.  I  refer  to  the  way  return  connections 
are  made.  I  saw  numerous  cases  where  the  return  was  connected 
on  one  side  of  a  cast-iron  boiler.  I  have  found  that  this  is  the 
cause  of  cracking  of  sections  in  some  instances. 

J.  A.  Donnelly  : — I  have  observed  some  curious  things  about 
this  cracking  of  cast-iron  boilers.  Cast  iron  as  a  material  for  oper- 
ating under  pressure,  has  some  peculiarities.  Very  often  hot  water 
heating  boilers  will  crack  about  2  a.  m.  when  the  fire  is  coohng 
down  after  the  dampers  have  been  closed,  the  time  when  you  would 
least  expect  it.  Other  times  they  will  crack  during  the  process  of 
firing  up.  Cast-iron  boilers  and  radiators  that  test  sometimes  to 
50  and  60  lb.  will  on  re-test  crack  at  40  lb.  It  may  be  that  these 
were  used  at  too  low  a  factor  of  safety.  Cast-iron  boilers  have 
recently  been  light  in  some  particulars  and  it  may  be  that  we  are 
.getting  a  little  thinner  iron.  I  do  believe  as  well  that  we  are  getting 
a  better  iron. 

Some  boilers  which  have  cracked  lately .  do  not  seem  to  have 
cracked  because  of  low  water,  and  the  causes  are,  in  fact,  rather 
mysterious.  Occasionally  evidence  has  been  found  which  supports 
the  theory  that  the  core  may  have  been  left  in  them. 

H.  M.  Nobis  : — Are  the  boilers  here  the  same  manufacture  in 
each  case? 

The  President  : — I  do  not  believe  we  have  any  means  of  knowing. 

H.  M.  Nobis: — iWe  installed  two  boilers  at  a  certain  place  and 
after  a  while  one  of  the  boilers  blew  out  and  didn't  let  any  water 
go  into  the  boiler.  We  have  a  man  operating  the  valves  during 
the  day  and  one  during  the  night  time,  and  it  was  probably  a  case 
where  the  gage  stuck  in  the  valve. 

J.  F.  McIntire: — A  most  important  thing  is  that  a  great  many 
people  in  the  heating  business  do  not  realize  that  steam  is  formed 
in  a  hot  water  boiler.  They  think  because  they  are  hot  water 
boilers  they  always  have  water  in  them.  Those  bubbles  are  work- 
ing to  the  top  of  the  boiler  and  if  there  is  a  place  in  the  boiler  for 
the  bubbles  to  collect,  a  steam  pocket  is  formed  in  the  boiler.  I 
believe  most  cast-iron  boilers  are  today  designed  to  take  care  of 
that  condition. 

Another  point  very  often  overlooked  is  the  fact  that  a  precipitation 
that  will  form  a  scale  is  possible  in  a  hot  water  boiler.    Very  often 
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boiler  manufacturers  will  receive  a  section  back  and  will  find  a 
very  heavy  scale,  and  on  writing  to  the  customer  that  there  was 
scale  on  the  boiler,  will  receive  an  answer  saying  it  was  a  hot  water 
boiler  and  therefore  could  have  no  scale. 

G.  C.  Bi.ackmore: — As  a  manufacturer  of  cast-iron  boilers,  I  con- 
sider the  cracking  a  very  small  matter.  Of  course  there  are  many 
cases  due  to  bad  installation,  and  bad  piping  will  also  cause  cracking, 
but  from  our  standpoint  the  percentage  of  loss  is  small.  There  are 
a  great  many  more  boilers  used  today  than  in  the  past  and  we  may 
hear  of  these  cracked  sections  oftener,  but  the  percentage  of  cracking 
is  sretting  smaller  so  far  as  we  are  concerned. 
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CONSERVATION  OF  COAL  B^'  SA\ING 

EXHAUST  STEAM  IN  THE  TEXTILE 

INDUSTRIES 

By  WiLUAM  B.  Ho^T,  Bo;to.>.-,  Ma3S. 
Metaber 

THE  purpose  of  this  paper  is  to  cover,  briefly  and  in  general 
terms,  the  apparently  unnoticed  waste  of  heat,  in  the  fonn 
of  exhaust  steam,  which  occurs  in  the  large  majority  of  power 
plants  in  the  textile  industry'.  In  some  scattered  instances  an  attaiq>t 
to  use  this  waste  has  been  made  but,  due  to  the  crude  or  tmsoitable 
apparatus  and  an  ignorance  of  the  requirements  of  the  process  or 
processes,  a  small  percentage  of  the  saving,  compared  to  ultimate 
possible  saving,  has  been  accomplished. 

For  convenience,  a  classification  of  the  plants  in  order  of  their 
product  and  the  treatment  of  them  separately,  will  help  in  clarifying 
the  subject,  as  follows : 

Felt  Mills — manufacturing  paper  makers,  fells  and  jackets,  laundry 

machine  felts,  etc. 
Woolen  Mills — manufacturing  men's  wear,  overcoatings,  doakings, 

blankets,  upholstering  stuffs  and  woolen  cloth  of  all  sorts. 
Knitting  Mills — manufacturing  underw-ear,  sweaters,  etc 

The  majority  of  the  plants  are  of  medium  size  and  operate  witii 

reciprocating  engines,  run  non-condensing.  A  very  few  of  them  are 
run  condensing.  Some  of  the  larger  plants,  having  turbines,  run 
condensing.  In  either  case,  whether  run  condensing  or  non-con- 
densing, it  is  possible  and  practical  to  utilize  the  exhaust  for  process 
purposes,  preceding  the  admission  of  the  exhaust  to  either  a  jet 
or  barometric  type  condenser. 

FELT  MILLS 

The  product  of  this  type  of  miU  is  usually  an  all-wool  fabric, 
hea\->'  and  bulky  when  it  comes  from  the  fulling  operation  and 
•  requires  large  volumes  of  hot  water  for  the  washing  operation. 
The  washers  used  in  this  type  of  mill  and  in  general  throughout 
the  textile  industry,  are  of  a  ver>-  simple  t>'pe,  consisting  of  a  heavy 
frame- work,  wood  covered,  supporting  two  heavy  wooden  rolls; 
the  rolls  are  placed  one  above  the  other,  vertically.    Either  in  the 
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back  or  in  front  of  these  rolls,  a  pipe  is  located  having  a  series 
of  about  j/l^  in.  holes,  closely  centered,  and  drilled  in  a  line  lonti^i- 
tudinally.  In  operation,  the  fabric,  in  the  form  of  an  endless  belt 
is  placed  between  these  rolls,  the  driving  roll  started  up  and  the 
water  supply  valve  opened  to  full  pressure.  The  waier,  which  is 
used  in  large  volumes,  has  a  temperature  of  about  160  deg.  fa.hr. 
When  three  or  four  of  these  washers  happen  to  synchronize  on 
the  hot  water  consumption,  the  rate  of  flow  will  approximate  from 
5,000  to  8,000  gal.  of  water  per  hour. 

In  the  majority  of  plants  this  amount  of  water  is  heated  by  means 
of  live  steam  direct  from  the  boiler,  while  the  exhaust  from  engines 
or  pumps,  amounting  to  perhaps  from  350  to  600  h.p.  is  used  only 
for  heating  the  feed  water  to  the  boilers  and  supplying  a  bank  of 
coils  in  a  forced  heating  and  drying  apparatus.  In  the  heating 
season,  all  or  a  portion  of  this  exhaust  is,  of  course,  used  in  the 
building  heating  system  but,  for  at  least  seven  months  in  a  year, 
the  equivalent  of  from  250  to  400  h.p.  of  live  steam — under  boiler 
pressure — is  thrown  away.  This  would  amount  to  from  20  to  35 
per  cent  of  the  total  boiler-horse-power  generated ;  or  the  same 
value  of  the  coal  consumption  absolutely  wasted  and — wasted  with- 
out reason. 

WOOLEN  MILLS 

The  product  of  this  type  of  mill  is  lighter  and  of  a  different 
character  from  that  of  the  felt  mill,  but  the  washing  apparatus  is 
approximately  the  same.  In  finishing  this  fabric,  due  to  the  care 
necessary  in  washing,  comparatively  a  greater  amount  of  hot  water 
is  used  than  in  the  felt  mill.  Also,  added  to  the  washer  demand  is 
that  of  the  dye-room.  Therefore,  more  hot  water,  in  relation  to 
the  mechanical  power  generated,  is  used  than  in  the  felt  mill.  In 
this  branch  of  the  industry — if  the  exhaust  steam  utiHzing  apparatus 
is  properly  proportioned  in  its  storage  capacity  and  in  scale  with 
the  heat  producing  capacity  of  the  prime-mover — not  one  single 
bit  of  exhaust  steam  should  be  visible  at  any  time  of  the  year. 

KNITTING   MILLS 

The  product  of  this  mill  is  the  lightest  of  the  three  but,  due  to 
the  nature  of  the  product  (underwear),  it  requires  more  thorough 
cleansing  than  any  of  the  others.  In  this  branch,  on  the  hot  water 
requirements,  there  occur  not  only  the  washing  and  dyeing  loads, 
but  a  demand  for  bleaching  as  well.  The  mechanical  power  gen- 
erated is  approximately  in  scale  with  the  others.  The  hot  water 
demand  is,  if  anything,  even  greater  in  proportion.  In  fact,  in 
many  of  these  plants,  the  exhaust  steam  from  the  engine  direct  is 
not  adequate  to  heat  the  water  demanded.  Great  care  should  be 
taken  in  the  design  of  apparatus  to  satisfy  the  requirements  of 
these  mills,  as  improper  proportions  will  cause  a  large  loss  of  heat. 
This  would  be  mainly  due  to  insufficient  storage  capacity — the 
instantaneous  loads,  in  this  type  of  mill  are  very  high. 

In  their  operations  and  in  the  type  of  washing  and  dyeing  equip- 
ment these  different  mills  are  very  similar.  In  general  terms — their 
attempts  at  reclaiming  the  heat  in  the  exhaust,  for  purposes  other 
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than  heating  the  boiler  feed  water  and  the  buildings,  are  also 
similar — very  crude  or  non-existent.  Therefore,  at  times  of 
coal  shortage  and  congested  railway  conditions,  this  field  is  one 
which  should  be  given  the  active  attention  of  plant  owners. 

Dealing  with  the  plants  which  have  made  an  honest  attempt  to 
conserve  the  heat  in  the  exhaust  steam  and  to  put  this  heat  in  their 
washing,  dyeing  and  bleaching  water,  a  description  and  criticism 
is  given  below. 

a.  In  some  cases  a  branch  from  the  exhaust  steam  line  has  been 
brought  over  to  the  dye  tub  or  washing  machine  and,  when  heat 
is  needed,  a  valve  in  this  line  is  opened  and  the  exhaust  steam 
turned  directly  into  the  water.  This  method  is  unsatisfactory  in 
two  respects — it  is  very  slow  in  operation  and  only  utilizes  the 
exhaust  at  times  and  must  be  supplemented  with  live  steam  to  get 
sufficient  heat  quickly.  It  necessitates  considerable  back-pressure 
on  the  prime-mover  in  order  to  force  the  exhaust  steam  to  the 
point  of  use. 

b.  An  open  tank  is  used  and  the  exhaust  steam  is  forced  through 
a  coil  in  the  bottom  of  the  tank.  The  objectionable  points  in  this 
method  are  these — the  hottest  water,  being  lighter,  rises  to  the 
upper  portion  of  the  tank  and,  as  the  outlet  must  be  near  the  bottom 
of  the  tank,  in  order  that  the  water  held  in  storage  may  be  avail- 
able for  use,  the  hottest  water  is  never  touched  directly  but  radiates 
its  heat  to  the  atmosphere. 

A  boiler  feed  water  heater  connected  to  obtain  a  gravity  circula- 
tion between  it  and  an  open  tank  is  open  to  the  same  objections  as 
method  (b). 

c.  An  open  or  closed  tank  attached  to  or  connected  circulating 
with  either  a  closed  or  open  feed  water  heater  and  having  a  cen- 
trifugal pump  in  the  circulating  line  will  improve  conditions  to  a 
slight  extent  but  is  open  to  a  very  serious  objection — each  time 
water  is  drawn,  if  it  is  in  excess  of  the  capacity  of  the  exhaust  for 
heating  it  to  the  desired  temperature,  the  inrush  of  cool  water  coming 
from  the  heater  will  lower  the  temperature  of  the  whole  body  in 
storage  to  a  point  where  live  steam  must  be  used.  Exhaust  steam 
will  then  escape  when  the  heavy  draught  is  ofif. 

This  also  applies  to  any  direct  gravity  storage  system  where  the 
water  is  drawn  from  a  point  near  the  bottom  of  the  storage  tank. 

A  method  which  is  entirely  practical,  costing  no  more  than  the 
inefficient  ones,  and,  at  the  same  time,  satisfying  all  the  requirements 
of  the  duties  outlined  above;  which  will  appeal  to  the  quick  grasp 
of  the  modern  business  man  as  well  as  to  that  of  the  trained  and 
alert  engineer  is — to  have  a  tank,  either  of  cast  iron  or  boiler  plate, 
of  such  size  as  to  store  sufficient  water  to  absorb  the  heat  of  the 
exhaust  steam  when  no  water  is  being  drawn ;  this  tank  to  be 
of  the  closed  type  and  under  the  pressure  of  the  city  mains,  reser- 
voir or  other  source  of  supply ;  to  have  the  cold  water  inlet  in  the 
under  side  of  the  tank  and  the  hot  water  outlet  in  the  upper  side. 
(Note  that  this  method  virtuallv  separates  the  hot  water  from  the 
cold  and,  being  once  heated,  is  not  subject  to  agitation  by  the 
incoming  cold  water")  :  the  heating  surface  to  be  of  copper  tubing 
of  sufficient  internal  area  as  to  cause  no  back-pressure  on  the  prime- 
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mover  and  to  be  placed  as  low  as  possible  in  the  tank  where  it 
will  be  submerged  in  the  coldest  water.  In  apparatus  of  this  type, 
it  is  possible  to  get  the  contained  water  up  close  to  the  boiling 
temperature.  This  has  the  effect  of  reducing  the  volumetric  stor- 
age and  increasing  the  thermal  storage  to  such  an  extent  that  a 
tank  of  this  type  can  be  made  much  smaller  than  any  open  tank 
serving  the  same  purpose.  It  also  has  the  advantage  of  permitting 
the  water  to  be  drawn  off  the  top  zone  where  it  is  hottest  and,  at 
the  same  time,  causing  the  incoming  cold  water  to  come  in  direct 
contact  with  the  heating  surface  thus  promoting  a  very  rapid  transfer 
of  heat  from  the  exhaust  steam  to  the  water. 

The  cost  of  this  apparatus,  in  99  per  cent  of  the  installations  can 
be  written  off  the  books  within  18  months  after  it  is  put  into 
operation.  Its  life  is  far  greater  than  that  of  any  open  tank  yet  made. 
The  reclamation  of  from  20  to  35  per  cent  of  the  coal  piles  in  the 
yards  of  the  textile  plants  in  this  country  would  go  a  long  way 
indeed,  in  railway  haulage,  toward  supplying  the  needs  of  our  house- 
hold fires. 

NON-CONDENSING   PLANTS 

It  indeed  seems  strange  that  a  mill  will  invest  a  considerable 
amount  of  money  in  a  jet  or  barometric  condenser  to  increase 
the  efficiency  of  the  prime-mover  10  per  cent  and  overlook  entirely 
the  possibility  of  making  the  prime-mover  practically  80  per  cent 
efficient.  In  the  one  case,  the  heat  of  the  exhaust  goes  into  the 
cooling  water  and  is  ejected  into  the  sewer  or  creek.  In  the  other 
case,  the  installation  of  a  properly  designed  hot  water  heater  between 
the  prime-mover  and  condenser,  would  furnish  process  water  at 
a  temperature  of  from  105  to  120  deg.  fahr.  This  temperature  is 
about  as  hot  as  it  can  be  used  for  a  number  of  the  processes. 
Even  so,  it  is  better  to  heat  water  from  50  to  120  deg.  fahr.  with 
a  waste  product  than  to  use  direct  boiler  steam  for  this  purpose. 

DYEING  TEMPERATURES 

Since,  in  nearly  all  dyeing  operations,  the  dye  stuff  must  be 
brought  up  to  212  deg.  fahr.,  it  therefore  follows  that  the  max- 
imum temperature,  at  which  the  initial  operation  can  be  started, 
is  an  important  point.  In  some  mills  this  temperature  is  70  deg. 
fahr.  In  others,  the  dyer  will  start  at  from  120  to  140  deg.  fahr. 
it  seems  to  be  a  matter  of  personal  preference  with  the  dyer. 
Usage  is  perfectly  all  right  until  it  spells  waste;  at  that  point  it 
should  be  investigated  and  the  maximum  temperature  determined. 
That  is  a  point  which  should  be  determined  by  the  dye  manufacturer. 

BLEACHING 

Whether  bleaching  is  done,  either  by  means  of  a  kier  or  directly 
in  the  machine,  it  is  far  better  to  use  hot  water  from  start  to  finish 
than  to  introduce  cold  water  and  heat  it  later  with  live  steam.  In 
kier  work,  after  the  desired  temperature  is  obtained,  exhaust  steam 
can  again  be  used  in  a  small  heater  through  which  the  liquid  in  the 
kier  is  circulated  and  kept  up  to  the  desired  temperature — constantly 
and  without  danger  of  "flooding." 


No.  537 

COMBUSTION 

By  Morgan  B.  Smith/  Detroit,  Mich. 
Non-Member 

THE   FORMATION    OF   COAL 

FAR  back  in  the  dimmest  ages  of  this  world's  existence  certain 
portions  were  covered  with  dense  vegetation,  probably  great 
swamp  areas,  which  no  doubt  rivaled  our  present-day  tropical 
forests  in  luxuriance  and  extent.  As  season  followed  season  this 
vegetation  lived  and  died,  each  season  adding  a  little  to  the  slow 
accumulation  of  rotted  vegetable  matter  until  with  the  passing  of 
century  after  century,  masses  hundreds  of  feet  in  thickness  were 
laid  down.  During  part  of  this  time  these  areas  were  submerged ; 
at  other  times  they  were  dry  or  comparatively  so  at  least.  Later 
through  violent  convulsions  of  the  earth  itself  these  masses  were 
buried  deeply  and  so  became  subject  to  intense  heat  and  pressure., 
through  which  they  were  carbonized  and  compressed. 

If  we  examine  coal  as  we  know  it,  especially  the  lower  forms  like 
the  lignite  coals  of  the  middle  West,  we  will  find  that  the  mass  is 
made  up  of  the  carbonized  remains  of  plants  and  trees  embedded 
together  just  as  they  died  ages  ago.  In  some  cases  stems  of  water 
plants  are  seen  as  arranged  by  nature  in  beautiful  symmetry  of 
position  in  such  a  way  that  each  plant  received  its  share  of  sunlight 
and  air,  the  arrangement  being  much  like  that  of  the  squares  of  a 
checkerboard.  The  grain  of  wood  is  apparent;  the  veins  of  leaves 
are  clearly  seen ;  the  structure  of  stems  is  preserved. 

So  we  know  that  coal  had  its  origin  in  the  vegetation  of  long  ago. 
Peat  is  probably  the  first  step  in  the  formation  of  coal.  This  was 
slowly  carbonized  and  compacted  into  lignite ;  then  into  the  various 
forms  of  bituminous  coals,  which  we  know  as  soft  coal,  and  lastly 
into  the  final  state  of  anthracite  or  hard  coal.  This  then,  briefly, 
is  the  story  of  the  formation  of  coal. 

THE   NATURE  OF  COAL 

Coal  consists  essentially  of  two  components,  namely :  a  part  which 
will  burn,  called  Combustible,  and  a  part  called  Ash  which  will  not 
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burn.  To  understand  coal  thoroughly  we  must  take  into  account 
both  constituents. 

The  combustible  matter  in  coal  is  exceedingly  complex  but  for 
our  purposes  we  can  divide  it  into  two  parts,  namely :  the  Fixed 
Carbon  and  the  Volatile  Matter.  The  fixed  carbon  is  that  portion 
which  remains  after  moisture,  ash,  gases,  tar,  ammonia,  sulphuric 
acid,  etc.,  have  been  driven  off  by  the  application  of  heat.  The 
volatile  matter  consists  of  gases,  tar,  ammonia,  acids,  oils,  etc., 
which  can  be  distilled  from  the  coal. 

Combustible  matter  is  that  portion  of  coal  which  will  unite  with 
oxygen  from  air  and  burn  with  production  of  heat.  It  consists 
mainly  of  carbon  and  hydrogen,  but  may  also  include  oxygen, 
nitrogen  and  sulphur. 

THE  MEANING  OF  COMBUSTION 

By  combustion  we  mean  the  rapid  union  of  the  combustible  matter 
of  coal  with  oxygen  obtained  from  air.  When  air  is  brought  into 
contact  with  combustible  matter  at  a  sufficiently  high  temperature, 
rapid  union  takes  place,  the  combustible  being  "oxidized,"  with 
liberation  of  heat.  Perfect  combustion  takes  place  when  the  com- 
bustible unites  with  the  greatest  possible  amount  of  oxygen.  In  the 
case  of  carbon,  this  is  true  when  it  burns  to  form  the  gas  known 
as  Carbon  Dioxide,  or  CO2  gas.  Imperfect  combustion  takes  place 
when  the  combustible  unites  with  less  than  the  greatest  possible 
amount  of  oxygen — in  the  case  of  carbon  when  it  burns  to  form 
Carbon  Monoxide,  or  CO  gas.  Perfect  combustion  is  what  we 
desire,  for  then  we  utilize  fully  all  of  the  heat  stored  up  in  coal. 
If  combustion  is  imperfect  we  do  not  utilize  all  of  the  heat.  In 
order  that  this  may  be  clear  let  us  consider  briefly  that  which 
happens  when  the  combustible  matter  of  coal  is  burned : 

1.  One  pound  of  Carbon  burned  completely  forms  3  2/3  lb.  of  CO2 

gas  and  liberates  14,544  B.t.u. 

2.  One  pound  of  Carbon  burned  com])letely  in  air  forms  ]2.52  lb. 
of  gas,  the  excess  over  3  2/3  lb.  being  nitrogen  from  the  air 
used.  The  same  amount  of  heat  will  be  liberated  as  in  the  case 
of  combustion  with  oxygen. 

3.  One  pound  of   Carbon  burned   imperfectly   in   oxygen    forms 

2  1/3  lb.  of  CO  gas  and  liberates  only  4,351  B.t.u.  This  is 
approximately  10,000  B.t.u.  less  than  when  combustion  is 
perfect. 

4.  CO  gas  will  burn  to  form  CO2  gas,  in  which  case  we  generate 

10,193  B.t.u.  per  lb.  of  carbon,"or  4,368  B.t.u.  per  lb.  of  CO  gas. 

5.  Another   possibility   confronts   us   in   burning  coal.      We   may 

oxidize  or  burn  the  combustible  matter  to  CO,  perfectly  but 
through  conditions  in  the  furnace  the  COo  may  be  reduced  back 
to  CO,  i.e. ;  perfect  combustion  may  be  degraded  back  into 
imperfect  combustion.  In  this  case  we  lose  heat  units  for  this 
reaction  does  not  liberate  heat  but  on  the  contrary  absorbs  heat 
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and  actually  chills  the  fire.  5,842  B.t.u.  are  absorbed  per  lb. 
of  carbon  in  the  CO,  or  2,921  B.t.u.  per  lb.  of  carbon  in  the 
CO  gas  formed. 

6.  We  have  Hydrogen  still  to  consider.  When  one  pound  of 
Hydrogen  Gas  burns  it  forms  9  lb.  of  water  vapor  and  lib- 
erates 51,892  B.t.u.  if  the  initial  temperature  was  212  deg. 
fahr.  and  the  product  is  water  vapor  at  the  same  temperature. 
If  the  products  are  condensed  at  212  deg.  fahr.  more  heat  is 
liberated,  namely:  60,626  B.t.u.  Hydrogen  in  coal  exists  in 
the  so-called  volatile,  or  smoke-producing  portion,  from  which 
it  is  evident  that  if  we  completely  burn  the  volatile  matter,  we 
will  also  derive  all  of  the  available  heat  from  hydrogen,  and 
incidentally  we  will  burn  coal  without  smoke. 

In  order  that  coal  may  be  burned  completely  it  is  evident  that  we 
must  supply  the  proper  amount  of  oxygen,  which  we  do  by  admitting 
air  to  our  fire  in  regulated  amount. 

THEORETICAL   AMOUNT    OF    AIR    REQUIRED 

Air  is  a  mixture  mainly  of  Oxygen,  21  per  cent,  and  Nitrogen, 
79  per  cent,  both  percentages  being  by  volume.  By  weight  the 
oxygen  is  23  per  cent  and  the  nitrogen  77  per  cent. 

One  pound  of  Carbon  requires  for  its  combustion  2  2/3  lb.  of 
oxygen,  or  32  cu.  ft.  at  60  deg.  fahr. 

The  ratio  of  nitrogen  to  oxygen  in  air  is  3.32,  from  which  figure 
we  find  that  the  nitrogen  in  the  air  required  to  burn  one  pound  of 
carbon  is  8.85  lb. 

The  total  weight  of  air  required  per  pound  of  Carbon  is  the  sum 
of  the  oxygen  and  nitrogen  which  equals  11.52  lb.  of  air,  or  approxi- 
mately 12  lb. 

PRACTICAL   AMOUNT  OF  AIR  REQUIRED 

In  boiler  furnaces  or  any  heating  apparatus  perfect  combustion 
will  not  be  attained  if  only  the  theoretical  amount  of  air  is  supplied. 
We  find  that  from  30  to  50  per  cent  more  air  is  necessar}%  or  from 
16  to  18  lb.  In  ver>^  few  plants  is  the  amount  of  air  held  down 
to  so  small  an  excess ;  it  more  often  runs  from  106  to  200  per  cent 
excess,  or  even  as  high  as  400  per  cent.  Under  such  conditions 
great  loss  of  heat  results.  Furnace  temperatures  are  lowered ;  the 
boiler  is  chilled  by  the  presence  of  much  cold  air;  the  boiler  makes 
less  steam ;  the  volume  of  gases  going  to  the  stack  is  greatly 
increased ;  the  stack  is  cooled  and  so  produces  less  draft.  By  draft 
we  mean  the  difference  in  pressure  between  the  ash  pit  of  the 
furnace  and  the  base  of  the  stack,  or  between  any  tw^o  points  in  the 
travel  of  the  gases  through  the  furnace.  The  hotter  the  stack,  the 
greater  the  draft  and  the  flow  of  air  through  the  furnace  is  increased  ; 
the  cooler  the  stack  the  lower  the  flow.  Excess  air  therefore  means 
direct  fuel  loss  because  heat  is  used  up  in  warming  air  unnecessary 
for  the  combustion  of  the  fuel. 
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In  order  that  the  full  heat  of  our  fuel  may  be  utilized  we  must 
admit  air  to  the  furnace  in  two  ways,  namely :  under  the  fire  to 
burn  the  fixed  carbon,  and  over  the  fire  to  burn  the  volatile  matter 
as  it  distils  from  the  fuel.  By  regulating  the  two  amounts  of  air, 
nearly  perfect  combustion  can  be  attained.  Air  which  finds  its  way 
into  the  furnace  or  into  the  boiler  setting  in  ways  other  than 
through  regulated  inlets,  is  in  excess  of  that  needed  to  burn  the 
fuel.  The  brickwork  surrounding  the  boiler  must  be  made  air- 
tight so  that  unnecessary  air  cannot  enter. 

HOW  TO  DETERMINE  THE  PROPER  AMOUNT  OF  AIR 

If  the  amount  of  air  supplied  to  the  fire  is  correct,  the  gases  will 
be  rich  in  CO2,  there  will  be  no  CO,  and  the  amount  of  oxygen  will 
be  small.  Analysis  of  the  products  of  combustion  will  therefore  give 
us  much  useful  information.  This  can  be  done  by  means  of  simple 
gas  analyzing  apparatus,  commonly  called  Orsat  gas  analyzers,  or 
better  by  means  of  so-called  CO2  recorders  which  draw  a  continuous 
curve  showing  the  amount  of  CO2  in  the  gases  at  all  times.  Under 
average  conditions  the  amount  of  CO,  in  the  gases  when  the  draft  is 
properly  regulated  and  the  furnace  temperatures  are  high,  will  run 
from  13  to  15  per  cent. 

We  will  therefore  adjust  the  draft  until  high  CO,  is  attained 
along  with  high  furnace  temperatures.  In  this  way  efficient  com- 
bustion will  be  attained. 

FURNACE  TEMPERATURES 

In  general,  the  higher  the  furnace  temperature  the  greater  the 
efficiency  of  combustion,  i.e.,  the  more  nearly  perfect  it  is.  High 
CO2  and  absence  of  CO  result  from  higher  furnace  temperatures. 
This  is  attained  by  proper  regulation  of  the  amount  of  air  supplied, 
or,  as  we  say,  draft  regulation.  Extremely  high  temperatures  may 
be  destructive  to  brickwork  but  cannot  injure  boiler  tubes  or  sheets 
if  they  are  kept  clean  and  are  always  wetted  by  the  water  in  the 
boiler.  Clean  tubes  and  drums  also  absorb  more  heat  than  dirty 
ones  so  that  clean  metal  surfaces  are  doubly  essential.  Building  up 
the  CO2  may  apparently  increase  the  loss  of  heat  to  the  stack  if 
increased  temperature  only  is  considered,  but  the  actual  quantity  of 
heat  going  up  the  stack  may  be  lessened  because  the  quantity  of 
gases  is  greatly  decreased.  It  is  best,  therefore,  to  know  both  the 
CO^  and  the  temperature  of  the  flue  gases. 

WHAT  CAUSES  SMOKE? 

Smoke  results  when  combustion  is  imperfect.  It  is  usually  caused 
by  one  or  all  of  the  following  conditions : 

1.  Lack  of  sufficient  air  to  the  fire. 

2.  Lack  of  proper  mixture  of  air  with  the  furnace  gases. 

3.  Low  furnace  temperature. 

4.  Too  small  combustion  space,  so  that  the  gases  reach  the  com- 
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paratively  cool  boiler  surfaces  before  they  are  completely 
burned,  resulting  in  condensation  of  soot  and  tarry  matter 
which  then  passes  up  the  stack  in  the  form  of  smoke. 

Sometimes  smoke  results  from  very  high  furnace  temperatures. 
Under  such  conditions  we  have  very  nearly. the  theoretical  amount 
of  air  going  to  the  fire,  making  difficult  the  proper  mixing  of  air 
with  the  combustible  matter  of  the  fuel.  In  such  cases,  combustible 
matter  passes  up  the  stack  in  the  form  of  smoke. 

COAL    ASH 

It  has  already  been  stated  that  one  of  the  principal  constituents 
of  coal  is  the  ash,  or  that  portion  which  will  not  combine  with 
oxygen  and  burn.  It  therefore  constitutes  a  dead  loss  in  so  far  as 
heat  value  is  concerned. 

In  coal  received  from  the  mines  we  can  distinguish  between  two 
forms  of  ash.  One  is  a  part  of  the  coal  structure  and  therefore 
"unavoidable."  The  other  is.  not  a  part  of  the  coal  structure,  but 
is  present  because  the  coal  has  not  been  properly  cleaned  at  the 
mines.  This  is  known  as  "avoidable"  ash.  It  consists  of  slate, 
mine  dirt  and  material  swept  up  in  railroad  yards  and  thrown  into 
coal  cars  as  the  easiest  way  of  getting  rid  of  it,  etc. 

Let  us  see  briefly  what  efifect  Ash  has  in  the  economical  use 
of  coal: 

1st.  Ash  directly  reduces  the  heating  value  of  coal,  and  as  the 
percentage  of  ash  increases,  it  becomes  more  difficult  to  completely 
burn  the  combustible  matter  in  the  coal  and  more  combustible  matter 
in  the  coal  is  thrown  away  along  with  the  refuse  from  the  fires.  This 
may  amount  to  50  per  cent  of  the  total  boiler  refuse.  This  directly 
reduces  the  efficiency  of  the  boiler. 

2nd.  Reduction  in  boiler  efficiency  greatly  increases  the  amount 
of  coal  which  must  be  purchased  in  order  that  a  given  amount  of 
heat  may  be  utilized.  With  coal  containing  21  per  cent  of  ash, 
approximately  80  per  cent  more  will  be  required  than  is  the  case 
with  coal  containing  4  per  cent  of  ash;  and  approximately  60  per 
cent  more  than  with  coal  containing  10  per  cent  of  ash.  High  ash 
coal  is  a  direct  financial  loss  to  the  consumer. 

3rd.  High  ash  means  that  increased  transportation  equipment 
and  coal  handling  apparatus  must  be  supplied.  In  this  country  this 
past  year,  there  was  mined  approximately  600,000,000  tons  of  coal, 
of  which  the  railroads  will  haul  85  per  cent.  Hence  for  each  1  per 
cent  of  ash  in  coal  over  10  per  cent,  the  railroad  must  haul  5,000,000 
tons  of  unnecessary  freight  per  year  in  this  country,  or  100,000 
cars  of  50  tons  each.  Coal  of  18  to  20  per  cent  ash  requires  approxi- 
mately 60  per  cent  more  cars  and  locomotives  than  a  reasonably 
clean  coal,  say  of  10  per  cent  ash.  In  this  country  the  unavoidable 
ash  runs  from  2  to  33  per  cent,  depending  upon  the  source  of  the 
coal;  the  general  average  for  the  entire  country  being  10  per  cent 
of  ash  in  clean  coal.  As  a  rule  trouble  from  ash  in  the  combustion 
of  coal  is  not  great  until  the  amount  passes  12  per  cent.    If  through 
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legislation,  or  otherwise,  the  ash  content  of  coal  can  be  limited  to 
10  per  cent  (the  average  avoidable  ash  for  this  country),  far  greater 
efficiency  of  combustion  will  be  attained  than  is  the  case  at  present. 
Transportation  will  be  reduced  to  a  minimum,  boilers  can  be  oper- 
ated at  fair  efficiency,  the  number  of  boilers  operated  can  be  reduced 
about  50  per  cent.,  and  a  considerable  saving  in  money  effected. 
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MINE  FIRES.  AND  THE  INERT  GAS  METHOD  BY 
WHICH  THEY  MAY  BE  EXTINGUISHED 

By  Joseph  J.  Walsh',  Wilkes-Barre,  Pa. 
Non-Member 

THE  method  most  suitable  for  extinguishing  a  mine  fire  is 
determined  largely  by  the  location  of  the  fire  and  various 
other  conditions  connected  therewith.  The  methods  com- 
monly practiced  in  fighting  a  mine  fire,  are :  First,  the  direct  method, 
in  which  water  or  some  prepared  chemical  is  used ;  Second,  the 
flooding  method,  in  which  the  mine,  or  that  portion  in  which  the 
fire  exists,  is  filled  with  water;  Third,  the  sealing  method,  in  which 
advantage  is  taken  of  a  condition  created  by  the  fire  itself,  namely, 
that  the  inert  gases  produced  by  combustion  are  imprisoned  in  the  fire 
area  by  means  of  stoppings  erected  around  the  affected  section. 
All  of  these  methods  are  practicable  and  efficient  when  applied  to 
certain  fire  conditions. 

There  are  conditions,  however,  surrounding  the  location  of  a 
mine  fire,  where  the  methods  commonly  practiced  have  failed ;  such 
conditions  may  be  found  in  crop  fires,  where  it  is  practically  impos- 
sible to  exclude  fresh  air  from  the  burning  section,  because  of  the 
broken  strata,  and  the  closeness  of  the  fire  to  the  surface.  Fire 
located  in  an  inaccessible  part  of  a  mine  furnishes  another  example 
of  a  condition  that  is  difficult  to  overcome  by  the  application  of  the 
commonly  practiced  methods.  In  all  such  cases  fresh  air,  to  a 
greater  or  less  extent,  will  enter  the  fire  area,  and  the  products  of 
combustion  will  leave  it  through  the  cracks  and  crevices.  Several 
such  fires  now  exist  in  the  anthracite  region,  namely,  at  Plymouth, 
Carbondale,  Raven  Run  and  Summit  Hill.  By  the  application  of 
the  inert  gas  method,  the  conditions  that  make  it  difficult  to  extin- 
guish these  fires  by  means  of  sealing,  may  be  used  to  advantage. 

DESCRIPTION    OF    THE    INERT    GAS    METHOD 

The  inert  gases  used  for  the  purpose  of  extinguishing  a  mine 
fire  are  chiefly  carbon  dioxide  and  nitrogen ;  in  other  words,  they 
are  the  gases  remaining  after  the  oxygen  is  removed  from  the  air 
as  a  result  of  combustion,  and  are  produced  by  the  burning  of  coal 
as  shown  by  the  plan  in  Fig.  1. 

^  Mine    Inspector,    Wilkes-Barre,    Pa. 

Paper  presented  at   the   Semi-Annual  Meeting  of  The  American   Society  of  Heating 
AND  Ventilating  Engineers,   Pittsburgh,  Pa.,  June,   1919. 
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The  arrangement  consists  of  an  ordinary  boiler  furnace  and  the 
gases  produced  by  combustion  are  conducted  through  coohng  tubes 
(b),  immersed  in  water,  thence  to  a  fan  (c),  by  means  of  which, 
they  are  forced  into  an  airway  leading  into  the  mine,  in  which 
airway  the  gases  may  be  further  cooled  by  means  of  water  sprays 
if  found  necessary. 

The  volume  of  gas  required  for  any  particular  fire  will  depend 
upon  the  area  of  the  openings  or  crevices  leading  from  the  fire 
section,  which  can  not  be  closed.  However,  a  condition  requiring 
more  than  10,000  cu.  ft.  of  gas  per  minute  would  be  very  unusual. 

The  chief  advantage  claimed  for  this  system  is  found  in  the 
fact  that  gas  can  be  forced  into  the  fire  zone  in  sufficient  volume  to 
create  a  pressure  within  the  zone,  greater  than  that  existing  on  the 
outside  of  the  walls,  as  a  result  of  which  there  will  be  no  fresh 
air  trouble  from  this  source.  The  increased  pressure  will  also 
prevent  air  entering  the  mine  from  the  surface  through  the  broken 
strata  and  thus  the  gases  introduced  for  the  purpose  of  extinguish- 
ing the  fire  will  have  free  access  to  all  parts  of  the  enclosed  area. 
It  is  deemed  important  that  the  gas  should  be  kept  flowing  over  the 
fire  continually,  since  otherwise  air  would  gain  access  before  the 
work  of  extinguishing  the  fire  had  been  accomplished.  To  be  suc- 
cessful, cooling  must  be  continued  long  enough  to  preclude  all 
danger  of  ignition  after  fresh  air  is  admitted  for  the  purpose  of 
reclaiming  the  mine. 

SIZE  OF   PLANT  FOR  MANUFACTURE  OF  GAS 

As  the  size  of  the  plant  will  be  controlled  by  the  volume  of  gas 
required  each  minute,  it  is  assumed,  in  order  to  have  a  concrete 
problem,  that  5,000  cu.  ft.  of  gas  will  be  required  per  minute. 

One  square  foot  of  fire  grate  will  consume  about  20  lb.  of  coal 
each  hour,  and  as  the  weight  of  the  gases  produced  by  the  com- 
bustion of  1  lb.  of  coal,  with  a  20  per  cent  excess  air  supply,  which 
is  allowable,  will  be  13.8  lb.,  the  weight  of  the  gas  manufactured 

13.8  X  20 

each  minute  bv  a  fire  grate  of   1  sq.   ft.   will  be  or  4.6 

60 
lb.,  or  57  cu.  ft.     Therefore,  in  order  to  manufacture  5,000  cu.  ft. 

5,000 

of  gas  per  minute  it  will  require  or  about  88  sq.  ft.  of  fire 

57 
grate. 

The  coal  fired  per  hour  in  the  manufacture  of  this  gas,  after 
making  a  30  per  cent  allowance  for  loss  in  the  ash,  will  amount  to 
about  2,288  lb.  From  this  a  plant  of  any  desired  size  can  be  deter- 
mined by  multiplying  this  unit  grate. 

When  manufacturing  gas  for  the  purpose  of  extinguishing  a 
mine  fire  it  is  important  that  the  oxygen  content  of  the  products  of 
combustion  should  not  exceed  4  to  5  per  cent.  To  guard  against 
air  spaces  in  the  fuel  bed,  a  fine  grade  coal  should  be  used,  and  the 
excess  air  supply  should  not  greatly  exceed  20  per  cent. 
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Author's  Note:  On  February  13,  1920,  an  experiment  was  conducted 
at  the  Upper  Lehigh  Colliery  for  the  purpose  of  learning  the  effect  produced 
on  combustion  by  an  air  condition  deficient  in  oxygen.  The  experimental 
plant  consisted  of  an  ordinary  stove,  having  a  grate  area  of  about  1  sq.  ft. 
and  a  conducting  flue  for  the  purpose  of  conveying  the  products  of  com- 
bustion from  the  stove  to  the  ash  pit  of  a  furnace,  the  grate  area  of  which 
is  66  sq.  ft.  The  flue  for  about  8  ft.  of  its  length  was  immersed  in  water 
for  the  purpose  of  cooling  the  hot  gases,  and  the  required  draft  was  produced 
by  means  of  a  small  hand  fan  attached  thereto. 

About  1500  lb.  of  coal  (buck)  were  heated  to  a  white  glow  in  the  furnace 
grate.  To  prevent  further  combustion  and  carry  otf  the  heat  contained 
in  this  coal,  the  products  of  combustion  furnished  by  the  stove  fire  were 
forced  into  the  ash  pit  of  the  furnace. 

It  was  observed,  after  applying  the  gas  for  two  or  three  minutes,  that 
combustion  was  appreciably  less  active,  and  after  applying  the  gas  for  40 
minutes,  all  evidence  of  combustion  disappeared  excepting  at  two  spots, 
each  of  which  about  2  in.  in  diameter.  This  evidence  of  combustion,  which 
was  located  at  the  rear  of  the  furnace,  remained  throughout  the  test  which 
continued  for  one  hour  and  40  minutes,  when  it  was  decided  to  discontinue 
further  application  of  the  gas  because  of  the  poor  condition  of  the  fire  in 
the  gas  producer. 

An  examination  was  then  made  of  the  coal  in  the  boiler  furnace,  and  it 
was  estimated  that  the  fuel  overlying  about  40  per  cent  of  the  grate  area 
was  in  such  state  that  it  could  not  be  re-ignited  by  the  application  of  fresh 
air,  and  that  60  to  75  per  cent  of  the  total  coal  was  extinguished. 

A  sample  of  the  gases  was  collected  about  15  minutes  after  operation 
commenced  and  a  result  of  the  analysis  follows  : 

Carbon  dioxide 12.78  per  cent 

Oxygen     2.67  per  cent 

Carbon    monoxide     1.11  per  cent 

Nitrogen     83.44  per  cent 

It  is  not  certain,  however,  that  the  analysis  represents  the  true  percentage 
of  oxygen  and  other  components  throughout  the  test,  because  it  was  dis- 
covered when  approaching  the  completion  of  the  experiment  that  by  reason 
of  a  disarrangement  in  certain  parts  of  the  equipment,  fresh  air  gained 
access  to  the  gas  flue. 

In  all  about  30  lb.  of  coal  were  used  in  the  gas  producer;  therefore,  using 
the  .figures  in  the  above  analysis,  the  total  volume  of  gas  applied  to  the 
furnace  during  the  test  was  6300  cu.  ft.,  or  63  cu.  ft.  per  min. 

The  quality  of  the  gas  as  shown  by  the  analysis,  and  the  cooling  system, 
which  reduced  the  temperature  to  90  deg.,  were  very  satisfactory.  No 
trouble  was  experienced  in  extinguishing  burning  material  that  had  been 
saturated  with  oil.  The  volume  of  gas,  however,  was  not  sufficient  to 
create  a  pressure  within  the  furnace  equal  to  that  surrounding  it.  It  is 
highly  essential,  to  the  success  of  the  plan,  that  the  greater  pressure  be 
maintained  within  the  furnace  to  assure  the  elimination  of   fresh  air  trouble. 
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Rolla  C.  Carpenter  was  born  near  Orion,  Michigan,  June  26, 
1852.  He  received  his  early  education  in  the  district  school  and 
in  the  Pontiac  High  School,  then  entered  the  Michigan  Agricul- 
tural College,  where  he  received  the  degree  of  Bachelor  of  Science 
in  1873,  and  later  the  degree  of  Master  of  Science.  In  the  interim 
he  obtained  the  degree  of  Civil  Engineer  from  the  University  of 
Michigan. 

From  1878  to  1890  he  held  the  chair  of  mathematics  and  civil 
engineering  at  the  Michigan  Agricultural  College,  studying  during 
his  vacations  under  Professors  Peabody  and  Lanza  at  the  Massa- 
chusetts Institute  of  Technology  and  at  Cornell  University,  where 
he  received  the  degree  of  Master  of  Mechanical  Engineering. 

In  1890,  Professor  Carpenter  was  elected  Associate  Professor 
of  Engineering  at  Cornell  University  and,  five  years  later,  Pro- 
fessor of  Experimental  Engineering,  which  position  he  held  at  the 
time  of  his  death.  The  mechanical  laboratory,  under  his  direction, 
expanded  rapidly  and  here  he  built  up  a  course  of  instruction  in 
experimental  engineering  of  such  great  scope  and  value  that  it  has 
formed  a  pattern  for  similar  courses  in  other  colleges  and  technical 
schools  and  has  markedly  influenced  the  methods  of  teaching  other 
sciences. 

In  addition  to  his  important  work  in  the  University,  Professor 
Carpenter  made  valuable  contributions  to  engineering  literature, 
among  these  the  book,  Heating  and  Ventilating  Buildings,  which 
has  gone  through  six  revisions  and  has  an  extensive  circulation, 
and  the  text-book.  Experimental  Engineering,  which  has  been  the 
leading  manual  on  the  subject.  He  held  membership  in  eight  of 
the  leading  engineering  societies  of  America  and  was  appointed  to 
many  positions  of  distinction.  He  was  a  member  of  the  commis- 
sion appointed  by  the  Academy  of  Science  in  1915,  at  the  request 
of  the  President  of  the  United  States,  to  investigate  the  slides  at 
the  Panama  Canal  and  to  make  recommendations  thereon.  Another 
notable  engineering  activity  with  which  he  was  closely  identified  was 
the  Boiler  Code  Committee  of  the  American  Society  of  Mechanical 
Engineers,  of  which  he  was  one  of  the  original  members. 

Professor  Carpenter  was  a  charter  member  of  this  Society  and 
served  as  President  in  1896.  He  gave  freely  of  his  interest  and 
help  and  his  kindness  of  manner  and  generosity  in  imparting  his 
knowledge  won  for  him  a  secure  place  in  the  esteem  of  his  fellow 
members.     He  died  at  Ithaca,  N.  Y.,  on  January  19,  1919. 
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